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Electrolytic Dissociation 


Basing our investigations on the periodic law and the theory of 
atomic structure we have begun to study the chemical elements. For a better 
understanding of the material we shall now get acquainted with some new, very 
important conclusions that can be derived from the electron theory of atomic 
structure that explains the general properties of chemical compounds of each 
class (oxides, acids, bases, and salts). 


11 Electrolytes and Nonelectrolytes 


We have become acquainted with two types of chemical 
bonding, namely covalent (bonding between nonmetal atoms) 
and ionic (bonding between metals and nonmetals). 

Molecules of ionic compounds can also exist in their vapours. Molecules 
of sodium chloride, for example, are formed in this way during the burning 
of sodium in chlorine. As molecules near one another they become mutually 
attracted by their oppositely-charged ions. The first step in the formation of 
an ionic crystal lattice from ionic molecules is shown in Fig. 1.1. The arrows 
that point at each other indicate the mutual attraction of oppositely-charged 
ions, while the arrows that point outside, show mutual repulsion of ions 
having the same charge. 

We already know compounds of more complicated composition. These are 
hydroxides of metals and salts of oxyacids. What kind of chemical bonding 
accounts for their existence? 

Bonds of both types are present in hydroxides and salts. Atoms of the 
elements composing a hydroxide ion or an acid residue are connected by 
covalent bonds while metals and hydroxide ions or metals and acid residues 
are held together by ionic bonds. Crystals of alkalis and salts of oxyacids are 
thus composed of ions, just like salts of binary acids (e.g. Na*Cl- ). Metal 
ions bear a positive charge and the hydroxide ions, the ions of acid residues 
are charged negatively. It follows that not only charged atoms but charged 
groups of atoms сап be ions. Formulas of bases and salts of oxyacids can 
therefore be given as 


Na*'(OH), Са?*(ОН);, Na*(NO,), AB*(SO,)- 
One may expect that substances with ionic bonds will differ in their 


properties from substances with covalent bonds. This is confirmed by the 
study of electric conductivity of solutions of substances with covalent and 
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Owing to the interaction between acid and water, the polar = ее 
hydrogen and acid residue becomes ionic and the acid molecu! es HY ad 
ions. Nitric acid HNO,, for example, falls into hydrogen ions 
unies: p MP of an electrolyte into ions during dissolution 
in water or during melting is called electrolytic dissociation. sages 

When compounds with covalent nonpolar or low-polar bonds, e.g. wem 
are melted or dissolved in water, their crystals only fall into sep: Ше 
molecules and do not form ions. A solution or a melt of sugar does not 

ct electricity. | 

ic e that мен и the special behaviour of electrolytes in the mo 
or dissolved state by their dissociation into ions is called the theory 


1 > 8 entist 
electrolytic dissociation. The author of this theory is a Swedish scient 
Svante August Arrhenius. 


? 


= i be 
l. How can electric conductivity of electrolyte solutions 
explained? 


" 9 іпі 
2. What substances fall into ions? Explain this from the standpoi 
of the theory of chemical bonds. 
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Mechanism of Electrolytic Dissociation 


by p electrons of | 
between the bonds 
(Fig. 1.3). The deviati 
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When a salt crystal is 


placed in water (Fig. 1.4), 
are attracted to the ions 


the molecules of the latte! 
On the surface of the crys 


tal: by their negative poles 
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Ha 13 Structure of water molecule. 
uds of unpaired electrons involved in 


she formation of chemical bonds are only 


(oxygen atoms) they are attracted to the positive ions, and by their positive 
Poles (hydrogen atoms) to the negative ions. A reaction of combination of 
the ions with the water molecules takes place. The reaction is known as 
hydration of ions, which is the main cause of dissociation of electrolytes. 

The molecules of water attached to the ions significantly weaken the 
attraction of the ions to one another, and the bonds between the positive 
and negative ions in the crystal lattice break. The hydrated ions disjoin. 
. Consider another example using sodium chloride to illustrate the effect of 
lon hydration on the electrolytic dissociation. 

In order to destroy the crystal lattice of sodium chloride taken in the 
quantity of one mole, 774 kJ are needed. If the energy of heat motion of 
Water molecules were only used to break the lattice, the temperature of water 
taken at 20°C would drop so much that water would freeze. This does not 
happen and the temperature of water during dissolution of sodium chloride 
drops only slightly. Where is the energy required to dissociate the salt taken 
from? The question was only answered when it was established that 
dissociation is caused by a chemical process in which hydrated (solvated) 
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Fig 1.4 Electrolytic dissociation оГ 
tum chloride in an aqueous solution 
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ions are formed, the process that is accompanied by the liberation of large 
amounts of energy. | А 

If the total energy of hydration of all ions present in the crystal is greater 
than the energy required to break down all bonds between them, the 
dissolution process is attended by the evolution of heat and the temperature 
of the solution rises. If this total energy is lower, the dissolution process is 
associated with absorption of heat. 

It can be understood now why electrolytic dissociation occurs in water but 
not in kerosene. No conditions for dissociation are provided in kerosene 
because the molecules of all substances (hydrocarbons) contained in kerosene 
are nonpolar. 

Of course, the molecules of water that were attracted to the ions during 
dissolution of the crystal remain bonded with them in solution. The 
composition and properties of the ions contained in solution are therefore 
not the same as those of ions contained in the crystal lattice. We 
already know that anhydrous copper sulphate CuSO, is colourless, This 
means that the Си?* and $047 ions that make up the crystal lattice of the 
sulphate are colourless. When the Cu?* ions combine with water molecules 
during dissolution they turn blue (the colour characteristic of copper salt 
solutions). This colour is therefore due to the hydrated ions of copper, i.e. 
ions connected with the water molecules. 

If we carefully evaporate a copper(II) sulphate solution to the dry state, 
blue crystals of vitriol will remain in the dish instead of the white powder of 
copper(II) sulphate. The blue crystals contain hydrated ions of copper 
(Cu-5H,0)?* and 503“ ions. The formula of blue vitriol is CuSO, -5H,0. 

The water contained in the crystals is known as water of crystallization, 
while substances containing water of crystallization are called crystal 
hydrates. Many salts are actually crystal hydrates. Commonly used salts are 
crystal hydrates like iron vitriol (green Copperas) FeSO, - 78,0, gypsum 
CaSO, · 2Н,О and soda NaCO, . 106,0. 

Like salts and alkalis, acids also fall into ions in water. Water molecules 
are attracted to the polar molecules of the acid, and displace to an even 
greater extent the electron pair from the hydrogen towards the acid residue. 
The bond between hydrogen and the acid residue becomes ionic and breaks 
down. A bond arises between the acid proton and the water molecule. The 


bond is formed by one of the two electron pairs in the outer electron layer of 
the oxygen atom 


Н:О: + H* > LET 


The hydronium ion is formed, in which there are three covalent bonds 
between hydrogen and oxygen. These three bonds were formed by different 
mechanisms: two were formed by pairing the electrons of the oxygen atom 
with the electrons of the hydrogen atoms, while the third was formed by 
attaching the proton to the free electron pair of the oxygen. In the latter case 
the oxygen atom of the water molecule gives off a pair of electrons (not one 
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electron) to build the covalent bond with the proton. The oxygen atom is 
called the donor and the proton, the acceptor. The mechanism of formation 
of such covalent bonds is called donor-acceptor. But irrespective of the 
mechanism of formation, all three bonds in the hydronium ion are 
equivalent. 

Electrolytic dissociation of hydrogen chloride in an aqueous solution can 
be shown as this: 


H z H T zr 
Н:О: + idi = [nón] + || 


АП other ions (not only the hydrogen ions) are hydrated in solution, i.e. 
they are bonded with water molecules. But the water molecules that are 
attached to the ions are disregarded because they normally do not take part 
in chemical reactions between electrolytes. 


? 1. What is electrolytic dissociation? What is the role of water in it? 
2. How do the ions of the crystal lattice of sodium chloride and 
sodium hydroxide differ from the ions contained in solutions of these 


substances? . | . | 
3. Can crystalline substances dissolve without absorption ог 


liberation of heat? Explain your answer. — — 
4. Explain the mechanism of electrolytic dissociation of hydrogen 


iodide during its dissolution in water. 


1 4 Equations of Dissociation of Acids, Alkalis, 
ы and Salts 
Like any other chemical reactions, dissociation of electrolytes 
can be expressed by equations. Acids dissociate into hy- 
drogen ions and acid residue ions, e.g. 
HCl =Н*+ СГ or HCl+H,0=H,0* + СГ 
HNO; =Н* + NO; OF чи 7 
H,SO, -2H* + S047 Ова T 
Consider one of the above examples, the electrolytic dissociation of sulphuric 


acid. 
Unlike hydrogen atoms, hydrogen ions do not unite in pairs. They can 
neither pair nor approach each other because they are charged similarly, and 


Similarly charged particles are known to repel one another. 

The equation shows the dissociation of sulphuric acid as a single process 
but in fact dissociation takes place in stages and the ions of hydrogen are 
not eliminated from the acid molecule all at once but one after another: 


H,SO, = Н? + HSO;, HSO; = H* + SOi 
Alkalis dissociate into metal ions and hydroxide ions, for example: 

NaOH = Nat + он“ 

Ca(OH), = Ca?* + 20H^ 
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Salts dissociate into metal ions and acid residue ions: 
NaNO; = Na* + NO; 
КСО, = 2K* + CO 
AL(SO;) = 2AP* + 3SOi- 


Since molecules or crystals of substances are electrically neutral entities, 
the total charge of positive ions formed during dissociation is always equal 
to the total charge of negative ions. 


—————— €€—€(————————— 


2 1. What do the following equations describe: (a) NaC] = Na* + 
у + СГ, (b) ма" + СГ = NaCl? How does each process оссиг 
in the home? н 

2. Write equations for electrolytic dissociation in solutions of the 
following substances: (a) hydriodic acid, (b) selenic acid H,SeO,, 
(c) lithium hydroxide, (d) barium hydroxide Ва(ОН),, (e) copper(II) 
nitrate Cu(NO,),, (f) iron(II) sulphate, (g) sodium sulphite, and 
(h) sodium hydrogen sulphate NaHSO, (its solution colours litmus 
red). Check to see if the total charges of positive and negative ions 
are equal. Read the first two equations. " 
3. Write equations for the three steps of dissociation of phosphoric 


acid H,PO,. Check to see if the total charges of positive and 
negative ions are equal. 


————————_———_ 


A 


Degree of Electrolytic Dissociation. Strong 
1.5 and Weak Electrolytes 


We know that electrolytes in aqueous solutions dissociate 


into ions. A question naturally arises: do all molecules of 
the electrolyte dissociate into i 


ions in solution, or do some molecules remain 
that do not break down? 


First of all it is necessary to remember that electrolytic dissociation is 


a reversible chemical process: the electrolyte molecules fall into ions and 
these ions simultaneously recombine into the starting molecules in the same 
solution. For example, 


some molecules of acetic acid fall in an aqueous 
solution into hydrogen ions and acid residues, and at the same time the 
hydrogen ions and acid residues combine into molecules of acetic acid. 

In order to emphasize (whenever necessary) this special property of 
electrolytic dissociation the sign of reversibility = is substituted in chemical 
equations for the sign of equality. The equation of dissociation of acetic acid 
is written as follows: 


HR = Н+ + R- 
Where R is acetic acid residue. 


The study of solutions has shown that depending on the chemical nature 
of the electrolyte and its Concentration, its solution may contain many 
undissociated molecules and only a few ions; or it may contain only a few 
molecules of the electrolyte and many ions. A solution of an electrolyte may 
contain no molecules at all since they all may break down into ions- 
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The quantitative measure of dissociation of a given electrolyte in a given 
solution is defined as its degree of dissociation. 

Degree of dissociation « is the ratio of the number of 
molecules that break down into ions to the total number of molecules 
of the electrolyte in solution: 

number of dissociated molecules 


total number of electrolyte molecules 


The dissociation degree is expressed either in fractions of unity - which 
vary from zero (dissociation is absent) to 1 (complete dissociation)—or in per 
cent. 

If the degree of dissociation of an electrolyte in a solution is, for example, 
1/4 this means that each fourth molecule of the electrolyte has broken down 
into ions, while three molecules remain undissociated. 

How does the degree of dissociation of an electrolyte in solution change 
With its concentration? 

The degree of dissociation of an electrolyte in solutions always increases with 
decreasing concentration of the electrolyte, i.e. the dissociation degree increases 
with dilution because the ions become separated to greater distances and 
their recombination into molecules becomes less probable. 

Anhydrous acetic acid does not conduct electricity when tested by the 
known method, because it contains no ions. As water is gradually added, the 
lamp comes on and its light becomes more intense: the acid now contains 
ions and their concentration increases with the dilution of acetic acid. 

Electrolytes, the dissociation degree of which is high even in relatively 
Concentrated solutions (1 ог 100%), are strong electrolytes, while electrolytes 
Whose dissociation degree is low even in dilute solutions, are weak 
electrolytes. Thus, strong electrolytes are substances that readily break down 
into ions and weak electrolytes are substances that break down into ions with 
difficulty. 

Table 1.1 
The Dissociation Degree of Electrolytes in Solution with Concentration of 0.1 mol/litre 
at à Temperature of 18°C 


Electrolyte Degree of Electrolyte Degree of 
dissociation, % dissociation, % 


Nitric acid about 100 Acetic acid 1.4 

Hydrochloric acid аБош 100 Hydrosulphuric acid 0.1 

Sulphuric acid about 100 Potassium hydroxide about 100 

Phosphoric acid 20 Sodium hydroxide about 100 

Sulphurous acid 20 Calcium hydroxide about 100 
ydrofluoric acid 8 


The dissociation degree of acids and alkalis determines their strength. Whether 
an acid will be strong or weak, depends on the ratio of the energy, spent on 
eliminating protons from the acid molecules, to the energy evolved during 
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ons to the molecules of water. An acid is strong Rm 
dud data SURGE of the НЕНА 10 a Le fg и а 
er than the energy spent to eliminate the proton from DE ae 
ids that we already know, nitric НМО,, sulphuric 2504. 
е НС! acids are strong acids. The hydroxides of the =н ы 
(NaOH, KOH, etc) and hydroxides of barium Ва(ОН), г bie), зан 
Ca(OH), are strong bases. With very rare exceptions (cupric c m 4 em 
solutions contain no undissociated molecules. Salts are strong electro м 
matter from what acids or bases (strong or weak) they are deity dl 
Very sensitive instruments detect an extraordinarily low canone me 
pure water. This means that water contains ions as well. Water iss! 
insignificantly into the hydrogen ion and the hydroxide ion: 


H,O = H? + OH-QH,O е H,O* + OH-) 


imi ive an 
Why is the second proton not eliminated from the water molecule to give " : 
О?- ion? The first proton is eliminated by overcoming the attractive forc! 


Е e 
a uninegative ion ОН“ while the second proton would have overcom! 
a much stronger attraction of a dinegative ion 027. 


s = i.e. 

The dissociation degree of water is about 1079 (at room temperature), yi 
only one molecule per milliard dissociates into ions. Water is so wea 
electrolyte that its dissociation would be normally ignored. 


nae с 
? 1. What does the expression "The degree of dissociation of aceti 
acid in a given solution is 0.3" mean? А " iation 
^ 2. A solution of a weak electrolyte is given. How can its 915506 
degree be increased or decreased? 
3. What are strong and weak electrolytes? toms 
4. In molecules of what acids (strong or weak) are hydrogen а 
more strongly bonded to acid residues? А base? 
*. Why can water be regarded as both an acid and a | Е 
6*. What four types of ions are contained in an aqueous dom 
sodium sulphate (e.g. with the concentration of 1 mol/litre)? 


В h E : allest 
of them are contained in the greatest and which in the sma 
numbers? 


" EM ich 
7. Indicators are usually salts of weak organic acids hil Кге 
molecules have one colour (e. g. methyl orange is red) wore ethy 
negative ions have different colour (yellow in the case of m 


e 
orange). Why does the colour of methyl orange change from orang 
to red when acid is added? 


1.6 


Properties of Electrolyte Solutions 


Like many original ideas, the theory of electrolyte 
dissociation was first regarded with suspicion . А 
contemporaries. Some simply rejected the idea that table salt, when Е 
added to soup, might break down into sodium and chloride ions, fO 


е 
! Answers to the problems marked with an asterisk are given at the end of th 
textbook. 
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everyone knew what sodium and chlorine looked like in the free state. Free 
sodium 'dissolves' in water to evolve hydrogen, while no hydrogen can be 
detected during the dissolution of table salt. Free chlorine is poison, whereas 
the right amount of salt added to various foods makes it taste better and is 
useful to the human body. But free sodium consists of electrically neutral 
sodium atoms Na while free chlorine is made up of chlorine molecules Cl, . 
А solution of table salt does not contain atoms of sodium but its ions Ма*; 
nor does the solution contain chlorine molecules but it contains the chloride 
ions СГ. 

The chemical activity of free sodiuin depends on the presence in its atoms 
of a valency electron which is given oíf by sodium during its reaction with 
water: hydrogen is liberated and the sodium atom converts into the Na* 
ion. Table salt contains sodium in the form of its ions Na*, which pass from 
the crystal lattice into solution. 

The chemical activity of free chlorine (its poisonous effect on the human 
body in particular) depends on the one missing electron which is required to 
complete its outer electron layer. The chloride ion contained in the crystals 
of table salt or its solution has gained the missing electron and its properties 
are therefore quite different from those of the free chlorine. Unlike chlorine 
molecules, the chloride ions are colourless, harmless, and have no odour. The 
Solution of table salt containing the chloride ions and sodium ions is 
colourless, odourless, and harmless. The different properties of atoms and 
ions of one and the same element thus depend on their different structure. 

Solutions of all acids have some common properties. Solutions of all 
alkalis, of all salts of a given metal, and of salts of a given acid also have 
Some properties in common. How does the theory of electrolytic dissociation 
explain these facts? i . 

It should be remembered that each type of hydrated ions has specific 
Properties that show themselves in the properties of electrolyte solutions 
Irrespective of the presence of other ions or molecules in it. . 

Acids dissociate into hydrogen ions and acid residue ions. Solutions of all 
acids thus contain one and the same type of ions, namely the hydrogen ion 
Н*. The sour taste of the Н+ ions (to be more accurate of the НО" ions) 
Accounts for the specific taste of foods seasoned with vinegar (acetic acid 
Solution) The common properties of acids are not the properties of acid 
Molecules but of the hydrogen ions contained in them. | 

Alkalis dissociate into metal ions. and hydroxide ions. Solutions of all 
alkalis thus contain one and the same type of ions, namely the hydroxide 
lons ОН“, Just as the hydrogen ions account for the acid properties, so the 
alkaline properties depend on the presence of the hydroxide ions. The soapy 
feel of alkali solutions, their reaction to litmus, and destruction of vegetable 
and animal tissues, are the properties that depend not on their molecules but 
father on the hydroxide ions contained in their solutions. | 

Hydrated ions ма“, K+, C17, NO3, and 502 are colourless. Solutions of 
NaCl, KCI, NaNO,, КМО,» and Na,SO, are therefore also colourless. 

Oloured ions are known as well. Any soluble salt of copper (with colourless 
acid residue ions) gives the same light blue colour when dissolved in 
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Fig. 1.5 Movement of ions in an electric 
field 


a sufficient amount of water. The colour probably depends on the Бубнаў 
copper ion Cu?*. Another example of a coloured negative ion is the m 
residue ion of chromic acid H,CrO,. It is yellow. сто ions M 
the yellow colour of solutions of the salts of chromic acid, e.g. es r 
Salts containing coloured ions can be used to prove the presence о а 
electric charge on the ions. Place а few grains of a coloured salt, e.g. CuCl; 
or K,CrO,, on a sheet of blotting paper wetted with some colonie 
electrolyte solution: the salt crystals will dissolve to form round ipe = 
spots on the paper. But if before dropping the crystals on the paper we p ra 
two electrodes connected to the source of electricity as shown in Fig. 1.5, t 1 
picture will be different: coloured streaks will extend from each crystal 


toward the negatively charged electrode if positively charged ions of the salt 
are coloured, and t 


oward the positive electrode if the colour derives from 
negative ions. 


Movement of ions toward the negative electrode (cathode) or toward the 
positive electrode (anode) is explai; 


ned by attraction of the corresponding 

ions by the electrodes. led 

Positively charged ions attracted by the cathode are cal a 

cations and negatively charged ions attracted by the anode are calle 
anions. 


Strong electrolytes practicall he 
The properties of aqueous solutions of strong electrolytes are therefore t 
properties of the i 


? l. Compare the properties of free iodine and the iodide ions- 
А 2. How can the presence of h i 


of sulphuric acid residue be 


3. What properties do the hydrogen and hydroxide ions impart 10 
electrolyte solutions? 
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4. The presence of what ions accounts for (a) the ability of hydro- 
chloric acid and its soluble salts to form precipitates in reactions 
with silver nitrate, (b) the ability of sulphuric acid and its soluble 
salts to form precipitates with soluble salts of barium? 

5. Potassium permanganate KMnO, is used as a disinfectant, to 
treat minor injuries. What accounts for the crimson colour of its 
solution? 

6. How can the charge of the ions (positive or negative) be identified 
in a coloured solution? 

7*. When electric current was applied to the electrodes of the 
apparatus shown in Fig. 1.5, red streaks moved from crystal of an 
unknown test substance to the anode, and green streaks to the 
cathode. What can we say about the test substance? 

8. Which of the following ions are cations and which are anions: 
СГ”, K+, Ca?*, ОН“, 5027 ? Are there coloured ions among them? 


1.7 lon Exchange Reactions 
The chemical properties of strong electrolytes in solutions are 
due to the ions (either anions or cations) into which the 
electrolyte dissociates. But we have used molecular equations to describe 
exchange reactions between electrolytes in aqueous solutions, although 
electrolyte ions rather than molecules are involved in the reaction. In order 
to study the character of the reactions that occur actually, let us consider 


Some reactions in which precipitates are formed. | . | 
When we pour together solutions of calcium chloride and silver nitrate, 


Silver chloride AgCI precipitates while calcium nitrate remains in solution: 
CaCl, + 2AgNO, = 2AgCli + Са(МО,), 


Both starting salts are strong electrolytes which are fully dissociated in an 
aqueous solution: CaCl, breaks down into Ca?* and СТ ions, and AgNO, 
breaks down into Ар“ and МО; ions. One of the salts obtained by this 
Teaction, Ca(NO;),, remains in solution and dissociates into Ca?* and 

OF ions The equation of this reaction can therefore be written as 


Ca?* + 53Cl- + 2Ag* + 2NO; = 2А8СІ + Ca?* + 2NO; 


This is a complete ionic equation. . 

What happens when we mix solutions? The ions Ag* and СГ only react 
to combine into silver chloride which precipitates. Meanwhile the ions Ca? * 
and МО; are not involved in the reaction and remain free, just as they were 
before the solutions were mixed. These ions can therefore be omitted in the 


equation: 
2Ag* + 221 = 2AgCll 
The coefficients may be cancelled: 
Ag* + C = AgCl} 
This 15 the net ionic equation. It describes the essence of this and similar 
Teactions. In accordance with this net ionic equation of the reaction between 


1.7 lon Exchange Reactions 2i 


calcium chloride and silver nitrate solutions, the same еше ma = 
be prepared by reacting any other solution containing the chlori s een 
with any solution containing the Ag* ion. The general ability А. = 
chloric acid and of all its soluble salts to form precipitates with si р Зати 
that are insoluble in water or acids, is actually the property of the ch sat 
ions Cl~. We can thus formulate the following: the silver ion is me di n 
for the chloride ion. In turn, the chloride jon is the reagent for the si d xs 
If a cation can be used to identify an anion, the latter anion can in turi 
used to detect the same cation. 


If we mix together solutions of barium chloride and sodium sulphate, 
barium sulphate precipitates: 


BaCl, + Na,SO, = BaSO, | + маст 
The complete ionic equation of this reaction is: 
Ва?* + 2Cl + 2Na* + SOi- = BaSO,! + 2Na* + 2217 


If we omit the symbols of the ions that are not involved in the reaction 
(Na* and СГ) the net ionic equation will be: 


Ba?* + $02- = BaSO, | 


The reaction between solutions of sodium sulphate and barium chloride 
thus consists in combination of the barium ions with the sulphate ions by 
which the insoluble barium sulphate is formed. The net ionic equation shows 
that barium sulphate precipitate may be prepared by mixing together any 


solution containing the Ba?* ions with any solution containing the 504 f 
ions, i.e. by reacting solutions of sulphuric acid or its salts with solutions © 
barium salts. 


The general ability of sulphuric acid and all its soluble salts to pe 
precipitate soluble neither in water nor in acids when added to barium 58 
is the property of the acid residue ions 504“. We can formulate: the barium 
ion, and vice versa. 


mbination of 
€ ions contai 
he anion of a 
cular equation 


Let us designate t 
the following mole 


2NaR 4 H,SO, = Na,SO, 4 2HR 1 
But both starting substance: 


$ (NaR and H,SO,) and one of the reaction 
products (Na,SO,) are strong electrolytes: they fully dissociate into ions. 
Another reaction product is acetic acid. This is a weak electrolyte and 
molecules rather than ions prevail in its solution. We can now write the ionic 
equation of the reaction 


2Na* + 2R^ + 2H* + $02- = 2Na* 
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Delete from the equation the formulas of the ions that are not involved in 

the reaction and cancel the coefficients, the net ionic equation will be 
Be BOR == НЕ 

The essence of the reaction is thus the combination of the residue ions of 
acetic acid, contained in the solution of its salt, with the hydrogen ions 
contained in the sulphuric acid solution. Molecules of acetic acid are the 
reaction product. 

All salts of acetic acid can thus be identified by a general sign – ће odour 
Of acetic acid that can be detected after addition of a strong acid. 

When a solution of a strong acid, for example, sulphuric acid, is added to 
à solution of a salt of carbonic acid, for example sodium carbonate, an 
exchange reaction occurs. One might expect that the reaction products should 
be sodium sulphate and carbonic acid H,CO3. But carbonic acid is an 


unstable compound and it immediately decomposes into water and carbon 
dioxide. The solution ‘boils’ due to evolution of carbon dioxide bubbles. The 


molecular form of the equation is as follows 
„С021 
Na;CO; + HSO, = Na;SO, + Н,СО; 
*no 
Sodium carbonate, sulphuric acid, and sodium sulphate are strong 
electrolytes and they fully dissociate into ions in solution. The ionic equation 
of this reaction is thus: 


2Na* + CO2- + 2H* + 502" = 2Na* + 504" + CO,t + H;O 


If we now omit the ions that were not involved in the reaction we have the 
net ionic equation 


CO2- + 2H* = СО, Т + H,O 


All salts of carbonic acid can be identified by vigorous bubbling (‘boiling’) 
after addition of a strong acid. The hydrogen ion is the reagent for the Со 
ions. 

Exchange reactions between electrolyte solutions occur if the reaction 
Product is a low-dissociating substance or a substance that leaves the reaction 
System in the form of a precipitate or a gas. И low-dissociating, sparingly 
Soluble, or gaseous products are not formed from the ions contained in 
Solution, no reaction occurs after mixing electrolyte solutions. | J 

If we mix together dilute solutions of sodium chloride and calcium nitrate, 
No reaction takes place because neither precipitate, gas nor low-dissociating 
Substances are formed. If we write the molecular equation of the expected 
reaction 


2NaCl + Са(мој; = 2NaNO; + CaCl, 
in the ionic form, we have 


2Na* + 221 + Ca?* + 2NO; = 2Na?* + 2NO; + Ca?* + 2Cl 
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i sition of the solution has not changed. | 

T yn ied posce in solutions of electrolytes are associated with d 
combination of ions. Since molecules prevail in weak electrolyte sonhora E: 
hall in future indicate ions of only strong electrolytes in ionic equa г. P 
j m we look attentively at equations of ion exchange reactions we shall fin 
out that the oxidation numbers of the elements involved do not eni ПЕ 
exchange reactions thus differ substantially from oxidation-re te : 
reactions in which the oxidation numbers of the elements involved c 4 js : 

One should not, however, understand that all reactions, in whic ње 
oxidation numbers of the elements do not change, are exchange reactio: =" 
Many addition and decomposition reactions also occur without alteration 
the oxidation numbers of the elements involved. 


2 1. Write complete and net ionic equations for reactions between: (a) 

A potassium chloride and silver nitrate, (b) potassium hydroxide ^) 
copper(II) nitrate, (c) sodium sulphate and barium nitrate, ei 
aluminium sulphate and barium chloride. Explain why the same n 
ionic equation describes the last two reactions. + Р 
2. Write complete and net ionic equations for reactions betwee 
solutions of: (a) nitric acid and calcium hydroxide, (b) рш 
hydroxide and sulphuric acid. Carry out the latter reaction E 5) 
apparatus used to test solutions for electrical conductivity (Fig. the 
Add the solutions one after another in small portions. How does t 
intensity of light of the electric bulb change? А а 
3. Reactions between (a) crystalline sodium chloride ET 
concentrated solution of sulphuric acid, (b) potassium hydroxide ves 
nitric acid solutions, and (c) barium chloride and sodium sulpha' 
solutions proceed to the end. Why? 
4. Write equations of reactions between: (a) magnesium and олуу 
(b) potassium hydroxide and sulphuric acid solutions, (c) iron w^ 
copper(II) sulphate solution, (d) sodium oxide and water, ang h 
decomposition (e) of water, and (f) of sulphurous acid. In whic! 
Teactions do the elements change their oxidation numbers? |- 
5*. Two moles of sodium nitrate and one mole of potassium su 


phate are dissolved in 1 litre of water. What other two salts can be 
Used to prepare the same solution? 


Fundamentals of the Theory of Electrolytic 
1.8 Dissociation 


From what we alread 
1. Substances whose sol 
Soluble acids, bases, and salts are electrolytes, 


2. Electrolytes in aqueous solutions, and also molten salts and alkalis, 


break down into ions from which the crystal lattice of alkalis and salts is 
composed; whereas acids dissociate into ions because the protons are 
eliminated from their molecules and 


combined with water molecules to 
give the hydronium ions H4O*. 

3. The breakdown of electrolytes 
dissociation. Positively charged 
charged ions, anions. —— | 

4. Electrolytic dissociation is a reversible Teaction and any solution of 


y know we can state the following: 
utions conduct electric current are electrolytes. 


into ions is called electrolytic 
fons are called cations and negatively 
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weak electrolyte will usually contain ions and undissociated molecules at the 
same time. 

5. The ratio of the number of undissociated molecules to the total number 
of electrolyte molecules is called the degree of dissociation of an electrolyte 
in a given solution. The dissociation degree increases with dilution of the 
electrolyte solution. 

6. Some electrolytes almost fully dissociate even in relatively concentrated 
solutions. These are called strong electrolytes. Other electrolytes, whose 
dissociation degree is low, even in dilute solutions are weak electrolytes. 

Svante Arrhenius was the first (1887) to explain the special behaviour of 
electrolytes in the molten or dissolved state by their dissociation into ions. 
Further scientific developments have contributed significantly to the 
improvement of the theory of electrolytic dissociation. Arrhenius believed 
that dissociation of electrolytes was a physical phenomenon, and he could 
not therefore explain the breakdown of electrolytes into ions in water. The 
Russian scientist I. Kablukov explained the cause of dissociation. Using the 
theory of the chemical nature of the dissolution process developed by 
Mendeleev, he treated electrolytic dissociation as a chemical interaction of 
electrolytes with water. The main cause of dissociation is hydration of ions. 
The energy liberated during this process is greater than that consumed 
during ionization of the solute. 


Chemical Properties of Acids, Bases, and Salts 
1.9 According to the Theory of Electrolytic 
Dissociation 


Acids. From the viewpoint of the theory of electrolytic dissociation, an 
acid is an electrolyte whose aqueous solution contains only positively 
charged ions of hydrogen and negatively charged ions of the acid residue. 

1. All acids, both soluble and insoluble, strong and weak, react with alkalis 
to form salt and water. 

As an example, let us consider the reaction of neutralization of a strong 
acid. Take a dilute solution of hydrochloric acid and add a dilute solution of 
sodium hydroxide until the resultant solution turns litmus paper violet. No 
precipitate is formed; nor does any gas evolve. But a reaction takes place 
and the solution no longer has a sour taste. If we now measure the 
temperature of the solution we can see that it has risen significantly: heat 
was liberated during the reaction. This is a neutralization reaction which we 
earlier expressed by the molecular equation 


NaOH + на = NaCl + H,O + Q 


The starting substances (NaOH and НСІ) and one reaction product (NaCl) 
are strong electrolytes: they fully dissociate into ions. The second reaction 
product is water, which as we know hardly breaks down into ions. The 
following complete ionic equation can now be written for the reaction of 
neutralization of hydrochloric acid by sodium hydroxide: 


Nat + ОН“ + Н? + СГ = Nat + СГ + H,O 
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If we now delete the ions that were not involved in the reaction we obtain 
the following net ionic equation 


OH + H* = H,O or ОН” + Н,О* = 2Н,О 


The same equation will be obtained if we replace hydrochloric acid by pud 
other strong acid. and sodium hydroxide by any other alkali. Thus, у је 
reaction of neutralization of a strong acid by a solution of any alkali consists т 
the combination of the hydrogen ions H* with the hydroxide ions ОН“ into 
undissociated molecules of water. 7 
This is confirmed by the fact that during neutralization of alkali solutions 


by strong acids one and the same amount of heat is liberated per each two 
moles of the formed water: 


НО" + OH- = 2H,O + 55% 


Salt does not usually precipitate during neutralization reactions because 
water interferes with combination of metal ions with acid residue ions that 


do not take part in the reaction. In order to isolate the salt the solution 
should be evaporated. 


£ the interaction between strong acids 
and bases that are practically insoluble 


in water, the precipitate is dissolved and the solution 
turns blue, the colou 
molecular equation 


Cu(OH), + H,SO, = CuSO, + 2H,O 
Sulphuric acid is the strong electrolyte among the starting substances, and 
Copper sulphate among the Teaction products. The ionic equations for the 
reaction are therefore as follows: 
Cu(OH), + 2H* + 502“ 


= Си?* + $02- + 260. 
СИОН), + 2н+ 


= Duet ¢ 2H,O 
We can see now that substances do not always precipitate in ion exchange 
reactions. They can also be dissolved if the Other reaction product is more 
difficult to dissociate int he soluble precipitate. In our example 
water is such a product. 

2. In contrast to weak acids, strong acids react with basic oxides to form 
salts and water, A reaction between cupric oxide CuO which is insoluble in 
water and sulphuric acid solution may be used by way of illustration. When 
the solution is heated, th 


ze Precipitate dissolves and the solution turns blue 
(the colour characteristic of hydrated copper ions). 


The molecular equation of the reaction is 


CuO + Н,50, = сво, + H,O 
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The ionic equations are as follows 
CuO + 2H* + 502" = Си?* + 8502" + ЊО 
CuO + 2Н* = Си?* + ЊО 
3. Soluble acids enter exchange reactions with salts but only if the salt 
formed in the reaction is insoluble, or if the acid formed is either insoluble, 
weak or unstable acid. 


If hydrochloric acid is added to a solution of silver nitrate а white 
curd-like substance (silver chloride) precipitates 


AgNO, + HCl = AgCl; + HNO, 
The ionic equations are: 
Agt + NO; + H? + СГ AgCI} + 1" + NO; 
: Agt + С = AgCI} 


If we add sulphuric acid solution to a solution of sodium silicate (the salt 
of insoluble silicic acid), a jelly-like substance precipitates 


Na,SiO, + H,SO, = H,SiO,| + Na,SO, 


The ionic equations are 
2Na* + 5102- + 2H* + 502" H,SiO, | + 2Na* + SOi- 
2H* + 5103" H,SiO, | 


If sulphuric acid is added to a solution of a salt of the weak acetic acid, 
the solution will smell of acetic acid. The molecular equation and ionic 
equations for this reaction are given on page 22. 

Take a piece of chalk (this is mainly calcium carbonate, the salt of an 
unstable carbonic acid) and place a drop of any acid on it: bubbles of 
carbon dioxide will evolve 


„С01 
CaCO; + 2НМО, = Ca(NO3) + HCO; 


“н.о 
The ionic equations for this reaction are 
CaCO, 4 2H* 4 2NO; Ca?* + 2NO; + CO,1 + ЊО 
СаСО; + 2H* = Ca?* + СО,1 + H;O 


All the considered reactions of acids are exchange reactions. But acids can 
also enter reactions in which the oxidation numbers of the chemical elements 
can be altered. 

4. Acids soluble in water react with the metals that come before hydrogen in 
the electrochemical series (see page 103) to liberate hydrogen and form salts. 
Zinc, for example, ‘dissolves’ in sulphuric acid to convert into zinc sulphate 
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with liberation of hydrogen from the acid 
Zn? + H$SO, > Zn?*SO, + Н 

Zn — 22 — гл: | 

1 


1 
2 


H'*4 1e ~ но 
is reaction is called oxidation-reduction. А | m 
bases are soluble in water and others are practically пита 
Soluble bases (alkalis) are electrolytes according to the theory ог electr 


~ г s ed 
dissociation. The aqueous solution of alkali contains only positively charg 
metal ions and negatively charged hydroxide ions. 


r lts 
1. All bases (both soluble and insoluble) react with strong acids to form sa 
and water. 


А б : itri acid 
Potassium hydroxide solution, for example, is neutralized by nitric 
solution 


KOH + HNO, = KNO, + H,O 


The ionic equations of the reaction are 


K* + OH- + H* + NO; = K* + NO; + H;O 
H* + OH“ = H,O or НО" + ОН- = 2H,0 


Е ic acid. 
The insoluble base ferric hydroxide can be dissolved in hydrochloric ac 
A yellow solution of ferric chloride is formed: 


Fe(OH), + зна! = FeCl, + 3H,O 
The ionic equations for this reaction are 


= О 
Fe(OH); + 3H* + за = Без" + 3Cl- + 3H; 
Fe(OH); + 3H* = Feé* + 3H,0 

This reaction occurs because water is more difficult to be split into ions t 
ferric hydroxide. ly when 

2. Alkalis react with salt solutions to give new salts and new bases У 
the expected new Базе or а new salt are insoluble in water (consult solu 
tables), for example: 


CuSO, + 2NaOH = Cu(OH); | + №а,50, 
Cu?* + SOi- + 2Na* + 20H- Cu(OH), | + 2Na* + $027 
Cu’* + 20H- = Cu(OH),| 


Amphoteric hydroxides. Amphoteric hydroxides are insoluble in Lies 
Their acid and basic properties only show themselves in chemical reactio à 
with alkalis and strong acids. They dissolve in them to eliminate t 
hydroxide ions (in acids) or the hydrogen ions (in alkalis). je: 

Amphoteric hydroxides react with acids as insoluble bases, for examp 


Zn(OH), + 2HNO, = Zn(NO;), + 2H,O 


| 
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The ionic equations are: 
Zn(OH), + 2H* + 2NO; = Zn?* + 2NO; + 2H,0 
Zn(OH), + 2H* = Zn?* + 2H,0 
Amphoteric hydroxides react with alkalis as insoluble acids, for example: 
H,ZnO, + 2NaOH = Na;ZnO, + 2H;O 
The ionic equations for this reaction are: 
H,ZnO, + 2Na* + 20H- = 2Na* + 2102 + 2H,O 


H,ZnO, + 20H = ZnO2- + 2H;O 

T 1. What are the chemical properties of bases? Give examples and 
write ionic equations of reactions. а 

^ 2. Write ionic equations for reactions between: (a) aluminium 


hydroxide and sulphuric acid solution, (b) potassium hydroxide 
solution and iron(II) chloride, (c) iron(III) hydroxide and nitric acid 
solution, (d) calcium hydroxide and copper(II) sulphate solutions 
(consult solubility table). 

3. What are the chemical properties of acids? Give equations of 
reactions to illustrate each property. Write molecular and ionic 
reaction equations. 

4. Write molecular and ionic equations for the reactions of sulphuric 
acid with (a) aluminium, (b) zinc oxide, (c) calcium hydroxide, 
(d) barium chloride (consult solubility table). 

5. How can the amphoteric properties of a given hydroxide be 
proved experimentally? 


Salts. According to the theory of electrolytic dissociation, salt is an 
electrolyte whose aqueous solution contains the ions of metal and of acid 
residue. 

Salts can enter exchange reactions with acids, alkalis, and salts. 

1. Aqueous solutions of salts react with strong acids to form new salts and 
acids if at least one of the reaction products is insoluble either in water or in 
the newly formed acid (precipitate), or if it is liberated as a gas. 

When concentrated sulphuric acid is added to crystals of sodium chloride, 
hydrogen chloride is evolved. When the mixture is heated slightly, sodium 
hydrogen sulphate is obtained: 


NaCl + H,SO, = NaHSO, + Нат 
The ionic equations of the reaction are 
Nat + С + H* + HSO; = ма“ + HSO; + HCl1 
H* + Cl = Нат 

Such reactions are used for the preparation of volatile acids from their 
salts. 

If an insoluble salt is formed, even a weak nonvolatile acid can displace 
a strong volatile acid from its salt: 

3AgNO, + H,PO, = Ag,PO,| + 3HNO, 1 


1.9 Electrolytic Dissociation and Properties of Acids, 
Bases, and Salts 


The ionic equation of this reaction is 
ЗАВ" + 3NO; + 3H* + РОЗ” = Ag,PO,| + 3HNO, 1 


2. Aqueous solutions of salts react with alkalis to form a new salt and a base 
if at least one of the reaction products is insoluble. 
Consider the reaction of the formation of an insoluble salt: 


Na,CO, + Ca(OH), = CaCO, | + 2NaOH 
The ionic equations of this reaction are 


2Na* + СОЗ“ + Ca?* + 20H- = CaCO, | + 2Na* + 20H^ 
са" + СОЇ- = CaCO, | 


An insoluble base is formed in the following reaction 


| 


FeSO, + 2KOH = Fe(OH), | + K,SO, 


The ionic equations of the reaction are as follows: 


Fe?* + 502- + 2K* + 20H- = Fe(OH), | + 2K* + 502- 
Беј + 20H- = Fe(OH), | 
3. Aqueous solutions of salts react with one another to form two new salts if 
at least one of the salts formed is ins 


Г oluble in water. | alt 
Consulting the Table of Solubility it is easy to determine which S 
solutions can bi 


© reacted to precipitate the wanted salt. 
Suppose we have 


to prepare lead (IT) sulphate. Consult reference Lese й 
find Out that lead(II) nitrate and sodium (or potassium) sulphate are 
Tequired soluble salts: 


Pb(NO,, + K,sO, = PbSO, | + 2КМО, 
The ionic equations are 


си. а и + 2NO3 
о Pb?* + 802- = PbSO, | — 
All the considered exchange reactions that involve salts occur witho 


и ^ . а E 
alteration. of the oxidation number of elements, But salts can also У 
involved in oxidation-reduction reactions. 

4. Metals contained in 5 


+ in 
А alts can be replaced by other more active metals 
aqueous solutions of salts. i ТТ 
Place à cleaned iron nail ша Solution of copper chloride: a reddish 

deposit of copper will soon appear on the surface of the nail 

Fe + CuCl, = Cu + FeCl, 
The ionic equations of this reaction are 

Ее? + Си2+ + 20 = 


= Суб + pube + оС 
Ре? + Cu?* = с 4 Fe?* 
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E 


1. What are the chemical properties of salts? Give molecular and 
А ionic equations of reactions to illustrate each property. 

2. Write molecular and ionic equations for reactions between (a) 
magnesium sulphate and barium chloride, (b) copper(II) chloride 
and potassium hydroxide, (c) sodium phosphate and aluminium 
nitrate, (d) potassium carbonate and calcium chloride, (e) zinc nitrate 
and sodium carbonate. (Consult the Table of Solubility.) 

3. How can (a) copper (II) nitrate, and (b) copper(II) hydroxide be 
obtained from ссррег(П) oxide? Write molecular and ionic 
equations for reactions. 

4. Write molecular and ionic equations for reactions by which (a) 
zinc chloride and (b) zinc sulphate are obtained. 

5. Give examples of oxidation-reduction reactions which can also be 
regarded as (a) addition, (b) decomposition, and (c) substitution 
reactions. | 

6. Give examples of (a) addition and (b) decomposition reactions 
that cannot be regarded as oxidation-reduction reactions. 


1.10 Hydrolysis of Salts 


Negligibly small (and equal) amounts of H* and ОН“ ions 
are formed during dissociation of water. Solutions in which 

the concentrations of H* and ОН“ ions are equal (as in pure water) are 
called neutral; solutions in which the ОН“ ions prevail are called alkaline; 
and those in which the hydrogen ions Н* predominate are called acid 
solutions. 

Solutions of bases are alkaline, and of acids, acid. One can suppose that 
a solution of any salt is neutral because it can be regarded as the product of 
neutralization of alkali by acid. In order to check this conjecture pour 
sodium chloride solution into one test tube, sodium carbonate solution into 
another, and aluminium chloride solution into the third test tube. Add litmus 
to each solution: sodium chloride solution alone proves to be neutral while 
the solution of sodium carbonate appears to be alkaline and that of alumin- 
ium chloride, acid. Solutions of the latter two salts contain unequal amounts 
of H* and ОН“ ions: the amount of the ОН“ ions is greater than of the 
H* ions in the sodium carbonate solution, while the solution of aluminium 
chloride has a greater amount of the hydrogen ions H*. How can this fact 
be explained? 

Consider reactions that may occur between ions contained in solutions of 
these salts. 

Sodium carbonate (soda) Na,CO, is formed by a weak acid HCO, and 
a strong base NaOH. Sodium carbonate is a strong electrolyte and it fully 
dissociates in an aqueous solution into the ions of sodium Na* and residue 
ions of carbonic acid СОЗ: 


Na,CO, = 2Na* + СО?” 


These ions are present in solution together with the ions into which the 
water molecules dissociate 
H,O = H* + он“ 
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Sodium cations may be attracted to the hydroxide ions but no strong 
bonds arise between them because sodium hydroxide is a strong electrolyte. 
The sodium ions and the hydroxide ions do not therefore undergo any 
conversion and remain in solution. 

А strong bond arises, however, between the СОЗ” and Н? ions, and the 
ion НСО; (the anion of the weak carbonic acid) is formed. The reaction of 


sodium carbonate with water can be expressed by the following ionic 
equations 


2Na* + СОБ + НОН = НСО; + 2Na* + ОН” 


СОЗ” + HOH = HCO; + он“ 

The net ionic equation shows that the interaction between the anion of the 
weak acid contained in the salt solution and water gives a greater amount of 
the hydroxide ions than of the hydronium ions. The aqueous solution of 
sodium carbonate, as well as a solution of any other salt formed by a strong 
base and a weak acid, is alkaline ( reacts alkaline). 

The exchange reaction between salts and water is called hydrolysis (from the 
Greek hydor water and lysis loosening, solution). 

А question may arise, why HCO; ions (rather than HCO, molecules) аге 
formed during the hydrolysis of sodium carbonate. In order to answer this 
question it is necessary to remember that carbonic acid dissociates in an 
aqueous solution. The number of the НСО; ions is greater than that of the 
COj- ions because the hydrogen ion is more strongly bonded with the 
dinegative ion СОЗ“ than with the uninegative ion HCO;. 

Let us discuss now why aluminium chloride solution AICI, reacts acid. 
This salt is formed by a strong acid HCI and a weak base Al(OH),. When 
the salt is dissolved in water it dissociates 


AIC], = AP* + за!“ 


The АР* cations are attracted by the hydroxide ions that are present in 
water and can form strong bonds with them. Conversely, when the chloride 
ions Cl аге attracted by the hydronium ions, no strong bonds arise: hydro- 
chloric acid is a Strong electrolyte and it completely dissociates into ions. 
The following reaction Occurs in the solution: 

АР” + за“ + HOH a AI(OH)?* + за“ + Ht 
AP* + HOH æ AI(OHyY* + Ht 


The ОН“ ions are no longer attached to the AI(OH)2* ion to form 
Al(OH); and Al(OH), because the Al(OH)? + he AI(OH)?* ion 


‹ lon is more stable. 

, The equations show that the cation of a weak base reacts with water to 
give greater amount of the hydronium ions than of the hydroxide ions. The 
solution of aluminium chloride, and a solution of any other salt formed by 
a weak base and a strong acid, reacts acid. | 


The experiment described at the beginning of this section shows that 
sodium chloride solution reacts neutral, i.e. it does not undergo hydrolysis- 
This is quite correct because sodium chloride, like any other salt formed bY 
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a strong acid and a strong base, dissociates into ions that cannot form strong 
bonds with the hydrogen ions or with the hydroxide ions. Like pure water, 
the solution of such a salt therefore contains equal amounts of the H* and 
ОН“ ions. 

If the composition of a salt indicates that it can be hydrolyzed, it is 
necessary to remember that the salt should be soluble in water. The 
following would also hold, as a rule: (1) one molecule of water reacts with 
each metal ion (for salts of weak bases) or with the acid residue ion (for salts 
of weak acids); (2) the reactions of hydrolysis are reversible. 

Let us show how the reaction of hydrolysis can be predicted, and its 
equation determined, using the reaction of hydrolysis of zinc sulphate by way 
of illustration. This salt is formed by a strong acid (sulphuric) and a weak 
base (zinc hydroxide). Only the metal ions of zinc alone should therefore be 
involved in the reaction. The left part of the equation is Zn?* + H,O. The 
hydroxide ion is eliminated from the water molecule and is attached to the 
zinc ion during the reaction. The Zn(OH)* is formed: 


712" + H,O = Zn(OH)* + H* 


The hydrogen ions Н* are accumulated in solution, which reacts acid. 

In addition to soda Na;CO,, soaps (salts of weak organic acids) which 
hydrolyze to form a weak alkaline medium are used in the home. The 
hydrolysis of these salts accounts for their washing properties. 


? 1. Make out ionic equations for hydrolysis of (a) copper(II) sul- 

^ phate, (b) potassium sulphide, (c) lithium phosphate Li,PO,, (d) 
ferrous chloride, (e) aluminium sulphate, and (f) calcium sulphide. 
What is the reaction of the solution in each particular case? 
2. Why is baking soda used to lower acidity of the gastric juice? 
Test baking soda, washing soda, and soap for their hydrolysis. Use 
phenolphthalein as an indicator. 
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Nitrogen Subgroup 


Position of the Elements of the Nitrogen + 
21 Subgroup in the Periodic System of Chemica 


Elements and the Structure of the Atoms of 
These Elements 


We have already become acquainted with typical nonmetals: 
the elements of the main subgroup of the seventh group of the periodic system 
of chemical elements (halogens), and the elements of the main subgroup of the 
sixth group (oxygen, sulphur, selenium, and tellurium). Let us continue ош 
study of the chemical elements. Consider the nonmetals of the 5th group that 
are placed in its main subgroup. The outer electron layer of these atoms 


contains five electrons, namely two paired s electrons and three unpaired 
p electrons. 


Three electrons are needed to complete the outer electron layers in the 


atoms of elements in the main subgroup of the 5th group (nitrogen, phos- 
phorus, arsenic, antimony, and bismuth). The maximum number of electrons 
that can be eliminated from the atoms of these elements is therefore five 
while the number of electrons that can be added to them is three. If five 
electrons are removed from the atom of a nonmetal, the chemical element 
Shows a positive oxidation number, and if three electrons are added to 15 
atom the element exhibits the negative oxidation number. 

These properties of the atoms of the considered nonmetals determine the 
composition of their higher oxides and compounds with hydrogen (hydrides): 
the former have the formula Ю2*О 7, e.g. М№,О., nitrogen (V) oxide, P;Os: 
phosphorus (V) oxide; while the latter have the general formula Hj К? 7, & & 
NH;, ammonia, and PH,, hydrogen phosphide *. 

Nitrogen and phosphorus are the most important nonmetals of the 5th 
group. 


Nitrogen 


Chemical symbol N; atomic numbe 


" 7; atomic weight 14. 
The structure of the atom: а 


‘A 
eH 


* The symbol of the element giving off the electrons is, by way of exceptio 
written second in the formulas of these compounds. 
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2.2 Physical Properties of Nitrogen 


The molecule of free nitrogen N, consists of two atoms 
* connected by three pairs of shared electrons. This is described 
by the electron formula :N::N: or the structural formula N = №. 

The molecular weight of nitrogen (28) is only slightly smaller than the 
mean molecular weight of air (29), and nitrogen is therefore only slightly 
lighter than air. 

The crystal lattice of nitrogen is molecular but the mutual attraction of the 
nitrogen molecules is so weak that nitrogen can be liquefied and crystallized 
only at very low temperatures. The boiling point of liquid nitrogen is lower 
than that of liquid oxygen. When liquid air is evaporated, mostly nitrogen is 
first evaporated. This phenomenon is used in industry to separate nitrogen 
and oxygen from air. 

Nitrogen is sparingly soluble in water; its solubility is actually lower than 
that of oxygen: 

We are in contact with free nitrogen throughout our lives. Nitrogen is the 
main component of air and its volume fraction in air is 4/5. It is easy to 
conclude that nitrogen is a colourless and odourless gas. It has no taste and 
is harmless to man. Animals die in an atmosphere of pure nitrogen only 
because of the lack of oxygen. 

From our course of biology we know that nitrogen is a very important 
element which is vital for life on the Earth. Some people maintain that 
nitrogen is more valuable than the rarest noble metals. It is a component 
part of proteins, the fundamental structural material of all living matter. The 
weight fraction of nitrogen in proteins is 18 per cent. It is also contained in 
other organic compounds such as chlorophyll, etc. A deficient amount of 
nitrogen retards the growth of plants: the leaves first turn pale green and 
then yellow, and photosynthesis ceases. 


1. Name the physical properties of nitrogen that you know. 
2. Prove the molecular formula of nitrogen by considering its 
density relative to air (0.95). Е 
3. When tap water is warmed in a beaker, gas bubbles appear on its 
walls. Explain. What is the difference between the composition of gas 
in these bubbles and in the atmospheric air? 


be 


2.3 Chemical Properties of Nitrogen 


The triple bond in the nitrogen molecule accounts for its 

greater strength compared with oxygen and fluorine the 
elements that come after nitrogen in the periodic table. The more strongly 
atoms are bonded in the molecule of a nonmetal, the more difficult it is for it to 
enter chemical reactions. 

Fill a flask with nitrogen, light a hydrogen torch, and lower it into the 
flask: the torch goes out. Now try burning charcoal, phosphorus, or sulphur: 
the flame is also extinguished. In these conditions nitrogen does not react 
with hydrogen, carbon, sulphur or phosphorus. 
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Nitrogen is located in the right upper corner of the periodic Deere 
comes third (after fluorine and oxygen) with respect to its е ~ Pis 
acts as an electropositive element only with respect to fluorine an eni om 
In compounds with all other elements, nitrogen exhibits à negative e 
number. These compounds are called nitrides, e.g. Mg}*N3~ magn 


nitride. When magnesium burns in air magnesium nitride is formed along 
with magnesium oxide: 


3Mg + М, = Ме, + Q 


Compounds containing the МЗ“ ions do not occur in nature. If a 
(not oxygen) were the most abundant element in the Earth’s crust, 5 
would mostly consist of nitrides rather than oxides. Hydrogen wou 4 bé 
then fill depressions in the earth with its oxide, water, but woul = 
contained in the atmosphere in the form of its compounds with nitrog m 
ammonia NH;. The atmosphere of the outer planets in the solar syste 


. ja. 
(Jupiter, Saturn, and those farther away from the Sun) consists of ammon! 
Nitrogen can react with hydrogen 


№ + ЗН, = 2NH, + 0 


to give ammonia, the compound in which the oxidation number of nitroge 
is 3-. 


Nitrogen reacts with oxygen as well 
М, + О, = 2NO — о 


" и - ; i n 
We shall further discuss in more detail the conditions under which nitroge 
can combine with hydrogen and oxygen. 


2 


7 1. What are the chemical рго rties of nitrogen? 

^ 2. Compare the chemical dobles of nitrogen with those of Ts 
and fluorine. What regularity can be found in the changes О! 
Properties in the transition from fluorine to nitrogen? rbon 
3. What is common in chemical properties of nitrogen and ca 
dioxide? How do these gases differ? that, 
4. Give formulas for compounds of nitrogen with two elements ber 
after OXygen, are the most abundant in the Earth's crust. Reme cid 
that these are elements with constant valency. Name t 
Бары 
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2.4 Reaction of Nitrogen with Hydrogen 


The history of the reaction between nitrogen and hydrogen 

N, + ЗН, 2 2NH, is remarkable. Many scientists tried to 
carry out this reaction during the course of the past century using all the 
chemical methods then available: they heated the initial substances, passed 
electric discharges through them, and tried various catalysts. But none of 
these attempts succeeded. Today we can easily explain their failure since we 
know that the nitrogen molecule is very stable. It was only early in the 20th 
century that theoretical chemistry explained the conditions under which this 
reaction might be realized. 

Let us carry out this reaction in the laboratory using the apparatus shown 
in Fig. 2.1. Mix nitrogen and hydrogen in the ratio of 1:3. The volumes of 
the gases can roughly be measured out by counting the bubbles as the gases 
are passed through concentrated sulphuric acid. Gaseous mixture passes 
through a glass tube into a bottle containing phenolphthalein solution. First 
pass the gaseous mixture through an empty tube without heating. The 
experiment shows that the reaction does not occur at normal pressure and 
a temperature of 20-25*C: phenolphthalein colour does not change. Now 
heat the nitrogen-hydrogen mixture in the tube: still no reaction occurs. 
Now let us try catalysts. Place powdered iron in the tube and pass the 
gaseous mixture through it again at normal temperature. The reaction does 
not occur. Heat the tube: the colour of phenolphthalein now changes. This 
indicates that ammonia is formed over the iron catalyst at elevated 
temperatures. The reaction is thus catalytic: 


N, + 3H, = 2NH, + Q 


The determination of concentration (by volume) of ammonia in the 
resultant gaseous mixture issuing from the gas-outlet tube shows that it does 


hydrogen 


nitrogen-hydrogen mixture 


catalyst 


phenolphthalein 


solution 


Fig. 2.1 Laboratory ammonia synthesis 
unit 
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not exceed 0.4 per cent at 400°C, normal atmospheric шше d bo 
presence of catalyst. The concentration of ammonia in the mixture a е 
increase if we keep the mixture in the reaction tube for a longer tee 

We already know that this happens because of the reversibility E E 
reaction. In order to prove it experimentally carry out the reverse reaction: 


2МН = N, + 3H, - 0 


Pass ammonia through the tube filled with the same catalyst and at Роа 
same temperature. Ammonia almost completely decomposes into the star! = 
nitrogen and hydrogen. The issuing gas can be lit by a match: ydq 
burns in air. Measurements show that the volume percentage of ammonia 5 
the resultant mixture is the same as in the mixture obtained during emia 
of ammonia, i.e. 0.4 per cent. It indicates that the equilibrium at 400°C an 
under atmospheric pressure is shifted toward nitrogen and gare 

The reaction between nitrogen and hydrogen is exothermic. The equilibri 
um therefore shifts toward the formation of ammonia when temperature À 
lowered. But the reaction is known to occur only at elevated temperatures. 
Does the pressure affect the equilibrium of this reaction? 


We cannot carry out reactions at elevated pressures at a school laboratory, 
but the data obtained by in 


vestigators show that the equilibrium of i 
reaction depends on both temperature and pressure (see Table 24). fed 
tabulated data show that the equilibrium of the ammonia synthesis is shi A 
toward the formation of ammonia at elevated pressures. Pay attention to ks 
changes in the volume of the gaseous mixture during the synthesis: 
equation shows that the vo 


lume is halved. 
Table 2.1 


Concentration of Ammonia (in Per Cent by Volume) in a Mixture of 
Nitrogen and Hydrogen at Equilibrium (N, to H, Ratio, 1:3) 


Temperature, — Volume percent of ammonia at various pressures, in MPa m 
o DERE 

10 30 100 150 200 30 
4. на о 
400 2512 4700 7982 3854 9307 9713 
450 1643 — 3582 696 8407 8983 9718 
300 10.61 2644 5747 


data are not available 


: jon, the 
lon system decreases during the reaction, by 
д : d the formation of the reaction products P? 
increasing the pressure; 


The data given in Table 2.1 show t 


ед 
: hat the equilibrium fails to be shifte 
completely toward the formation of 


р е5. 
ammonia even at very high pressu" 
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But perhaps the reaction can be made more effective if we use another 
catalyst for the synthesis of ammonia at higher rates and at temperatures 
lower than 400°C? The solution of this problem will have a great industrial 
importance but such a catalyst has not yet been found although tens of thou- 
sands of different catalysts have been tried by investigators. 


? 1. An equilibrium is established in the synthesis of ammonia. 
А Suppose that | milliard of ammonia molecules form during 1 second 


in the reaction mixture. Calculate the number of ammonia molecules 
that are spent and of hydrogen and nitrogen molecules that are 
formed during this time. Fill in Table 2.2. 


Table 22 
Gas Molecules spent Molecules formed 
NH; ? 10? 
N 2 2 
à ? 2 
ні ? 


2. The dependence of equilibrium on temperature and pressure 
becomes more vivid when shown graphically. Draw two graphs. Let 
one graph show the variation of equilibrium output of ammonia 
with pressure at 400 and 550°С, and the other graph, the 
dependence of output on temperature at 10 and 100 MPa. 

3. Using the graph determine the equilibrium output of ammonia at 
10 MPa and 200*C. 

4. How much hydrogen and nitrogen (in kg and litres) is needed to 
form 1 kg of ammonia at STP? 

5. In what direction does the equilibrium shift in the reaction 
250, + О, = 250, + Q if the pressure increases? 


2.5 Reaction of Nitrogen with Oxygen 


We live on the ‘bottom’ of the air ocean that consists mostly 

of nitrogen and oxygen and in normal conditions no reaction 
Occurs between them. But during thunderstorms, when lightning passes 
through the air, the following reaction occurs 


№ + О, = 2NO - Q 


The reaction becomes possible because the temperature in the lightning is 
several thousand Celsius degrees. 

The reaction by which nitrogen is oxidized to nitrogen(II) oxide is 
reversible and in accordance with the known principle the equilibrium shifts 
toward the formation of nitrogen(II) oxide when the temperature is raised. 
But even at very high temperatures (of about 2000°C) the concentration of 
nitrogen(II) oxide in the equilibrium mixture is very small. 

An artificial lightning is easy to obtain in the laboratory using the 
apparatus shown in Fig. 2.2. As an electric discharge passes through the air 
a little brown cloud is formed in the space between the electrodes. The smell 
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Fig. 22 Reaction of nitrogen with 
oxygen 


is pungent. At high temperatures nitro 
a colourless gas nitrogen (II) oxide NO, wi 


1. Can the reaction of nitro 
^ a а 


Does the exhaust gas of 
nitrogen (П) Oxide? В. 


2.6 Ammonia 


гене of all 
Volatile compounds with hydrogen are characteristic © 
nonmetals, Th 


Let us consider the reacti 
apparatus shown in Fig, 23 ich flame- 
narrow tubes. If we light the torch, ammonia burns with a blueish flam { 
Free nitrogen and water vapou i 
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NH, 
Fig. 23 Burning of ammonia 


Fig. 24 Catalytic oxidation of ammonia 


beaker without touching the liquid as shown in Fig. 24, the spiral will 
become white hot. This is because ammonia liberated from the solution 
reacts with oxygen on the platinum's surface to form nitrogen (II) oxide and 


Water vapour: 
4NH, + 50, = 4NO + 6H,0 + 0 


The reaction is irreversible as well. Platinum acts as a catalyst in this 
Teaction. It becomes hot at the expense of the heat evolved during the 
reaction. Oxides of some metals, e. g. of iron and chromium, can also be used 
10 catalyze the reaction. 

, In studying the reaction of ammonia oxidation, we first dealt with an 
irreversible chemical reaction whose products can be varied by changing the 
conditions. If the reaction is conducted without any catalyst, nitrogen is the 
only reaction product; if the best catalysts are used, up to 98 per cent of 
ammonia can be oxidized to nitrogen(II) oxide while the remaining 2 per 
cent, to nitrogen. А 

Hydrides of nonmetals that we have already studied (hydrogen halides, 
hydrogen sulphide) dissociate in water to form hydronium ions and the ions 
of the acid residue. Ammonia also reacts with water during dissolution but 
ш a different way. А " 

Overturn a beaker containing ammonia into a dish filled with water: the 
Vessel will soon be filled with water which indicates the good solubility of 
ammonia in water. A volume of water can dissolve up to 700 volumes of 
ammonia at normal temperatures. An aqueous solution of ammonia is called 
ammonia water. 

Let us test ammonia water for conductivity using the apparatus shown in 
Fig. 1.2. When the electrodes are immersed in ammonia water the lamp 
lights up. This indicates that the solution of ammonia in water contains ions. 
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i violet litmus to 
ions‘ $ of phenolphthalein or vio вир 
а se ions? Add a few drops о ћајеп recien perd 
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H:N:H 


n 
5 a e hydroge 
Like the molecule of water, the ammonia molecule can attach the һу 

ion, i.e. the proton, by attracting it with its free elect 


ron pair: 
H H * 
H:N:H + Ht > [nien] 
= B 


In this case the protons are elimin 


А e proton 
ated from water molecules (one p 
from each molecule): 


нт 
i: 


1, The 


molecule is the асс 
Why do the bond 
break while the bonds b 


more easily, 
The hydroxide OH- 
called the ammonium ior 


simplified 
The reaction between ammonia and water can be shown by a 
equation 


and NH 


ter ion is 
atte 

4 ions are thus formed. The lat 

1. 
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the nitrogen atom. But despite their different origin, all four bonds in the 
ammonium ion are absolutely equivalent and the ion has therefore the 
configuration of a regular triangular pyramid (tetrahedron). 

The ability of the ammonia molecule to attach the proton should show 
not only in its reaction with water but also in other properties of ammonia. 
One may expect that the attachment of protons will be especially easy during 
the reaction of ammonia with acids, substances in which the hydrogen atoms 
are loosely connected with the acid residues. 

Carry out the following experiment. Dip a glass rod in concentrated 
ammonia water and another glass rod in concentrated hydrochloric acid. 
Bring the glass rods close to each other: a heavy white smoke appears. The 
smoke consists of minutest crystals of ammonium chloride: 

МН, + НЯ = NH,CI 
Ammonia reacts with acids to form salts. 

In medicine and in the home we use ammonia solution in the form of 
ammonia water or sal ammoniac (ammonium chloride) Ammonia is also 
used as a household cleaning fluid. Sal ammoniac is given as a stimulant in 
faints. Concentrated ammonia water is used as a liquid fertilizer in 
agriculture. 


? 1. Describe the physical properties of ammonia. 

А 2. Describe the reactions of (a) burning and (b) catalytic oxidation of 
ammonia and give the reaction equations. Write equations of the 
oxidation-reduction reactions with an electron balance. 

3. Write the equation of copper reduction from copper(II) oxide by 
ammonia. Explain the reaction from the standpoint of the electron 
theory. Which compound is oxidized and which reduced in the 
reaction? Д 

4. What is an aqueous solution of ammonia? What molecules and 
ions are contained in it? How are these ions formed? 

5*. A proton is added to the nucleus of a carbon atom in a methane 
molecule СН.. What molecule will thus be formed? 

6. How can ammonia be poured from one beaker to another 
without being mixed with air? Use a strip of paper impregnated with 
phenolphthalein solution to observe the results of the experiment. 


2.7 Salts of Ammonium 
Like all salts, ammonium salts are composed of ions and 
crystallize in the ionic lattice, e.g. ammonium nitrate consists 
of NH; and NO; ions. Ammonium salts are crystalline substances that are 
very similar to the corresponding salts of the alkali metals, especially those 
Of potassium, because the radius of the ammonium ion is close to that of the 
Potassium ion. Most physical properties of ammonium salt solutions are 
Similar to those of potassium salts (with the same molar concentration). 
Like the salts of the alkali metals, all ammonium salts are soluble in water 
and are strong electrolytes, i.e. fully dissociate in aqueous solution into ions: 


NH,NO, = NH; + NO; 
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Fig 25 Sublimation of 


ammonium 
chloride 


er exchange reactions with other salts. 
If we add silver nitrate solution to the solution of ammonium chloride, silver 
nitrate remains in solution: 
NH,CI + AgNO, — АЗС! | + МН. МО, 
Ammonium nitrate can be isolated as crystals if silver 


chloride is separated 
by filtration and the remaining solution is e 


vaporated. 
Ammonium ions are not destroyed in exchange reactions between salts, 
but pass as whole units into а newly formed salt 


NH,CI + NaOH = NH,OH + NaCl 


The reaction of an ammonium salt with an alkali therefore gives a new salt, 
ammonia, and water: 


NH,Cl + NaOH 
NH; + OH- á 


Il 
z 
5 
Q 
+ 
Z 
x 
2 
Ф 
ЕН 
о 


olution) in а test tube, add alkali, and heat. 


Mouth of the test tube, the presence of 
hange of li 
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ammonia indicates the presence of ammonium ions in the solution. 

The ammonium ions can be destroyed also by heating ammonium salts. 
When crystalline ammonium chloride NH,Cl is heated in a test tube it 
sublimes like iodine (Fig. 2.5) But sublimation of iodine is a physical 
phenomenon while sublimation of ammonium chloride is a reversible 
chemical reaction. When heated, ammonium chloride decomposes into hy- 
drogen chloride and ammonia 


NH,Cl = NH, + на 


Ammonia and hydrogen chloride are volatile, but as they contact the cold 
walls of the test tube, they combine again 


NH, + на = мн.а 


? 1. What methods of preparing ammonium salts do you know? Give 
reaction equations. 

A 2. Describe the general (a) physical and (b) chemical properties of 
ammonium salts. Give the corresponding reaction equations. 
3. How can ammonium chloride be distinguished from ammonium 
sulphate experimentally? 
4*. A nitrogen compound is given. The ratio of nitrogen, sulphur, 
hydrogen and oxygen in its molecule is 1:1:5:4. This compound 
reacts with alkali to give ammonia, and with barium chloride to give 
a precipitate insoluble in hydrochloric acid. Name the compound. 
What is the colour of litmus in its solution? Prove your answer by 
ionic equations of the reactions. 
5. A mixture of sand and ammonium chloride is given. Separate the 
mixture using (a) water or (b) a heater. Write the reaction equations. 
6. Hold a strip of paper wetted with hydrochloric acid over paper 
wetted with ammonia water: dense smoke is formed. If the papers 
are changed places, the smoke is less dense. Explain. 


2.8 Manufacture of Ammonia 


Early in this century scientists undertook a physicochemical 

study and sought for an industrial method to ‘fix’ molecular 
nitrogen. Synthesis of nitrogen(II) oxide and ammonia were the main 
concern of the investigators. 

Nitrogen is oxidized at high temperatures but the yield of nitrogen oxide is 
low. Much energy is required to heat air. Preparation of nitric acid and 
nitrates from nitrogen(II) oxide is difficult because of the low concentration 
of nitrogen(II) oxide in the gaseous mixture. The industrial plants that had 
then been built for the oxidation of nitrogen were closed down in the 1920s. 
The search for more advantageous methods of synthesizing nitrogen(II) oxide 
still continues. 

It has been proved economically efficient to fix nitrogen not with oxygen 
but with hydrogen. At the present time tens of millions of tons of ammonia 
are being synthesized every year. Ammonia has become a universal raw 
material in the manufacture of other nitrogen-containing chemical products. 


2.8 Manufacture of Ammonia 45 


nitrogen 
of air 
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the last century it was established that mineral nitrogen compounds are 
necessary for the growth of plants. Chile niter came into use in many 
countries as a fertilizer. But this source of fixed nitrogen could not meet the 
growing demand for nitrogen fertilizers, and by the end of the last century 
the scientists began a search for fixation of atmospheric nitrogen to produce 
fertilizers. This problem was only solved a few decades ago and now many 
industrial plants produce mineral fertilizers. 

Nitrogen compounds are used in large amounts in organic synthesis in the 
manufacture of dyes, explosives, etc. Ammonia is known to be widely used in 
refrigeration technique. The inertness of nitrogen is utilized in all cases where 
it is necessary to prevent undesirable chemical reactions. Nitrogen is used to 
fill electric bulbs, and to create a neutral atmosphere for the storage and 
pumping of inflammable fluids. 

Fi ee ИИ E EN NE 
^ 1. Antoine Lavoisier suggested that nitrogen be called ‘azote’ (from 
the Greek negative prefix a and zoe life) to show that this gas does 
not support life. Remember the history of chemistry and try to 
explain Lavoisier's suggestion for how can nitrogen be called ‘azote’, 
when life is impossible without it? 
2. Later the gas was given the name of 'nitrogen' while the name 
proposed by Lavoisier has survived in French and Russian. Try to 
explain the word ‘nitrogen’. 
3. The origin of Chile niter has not been so far explained since we 
know the chemical properties of nitrogen and its compounds, and 
have studied the nitrogen cycle, let us try to formulate our own 
hypothesis about the origin of the Chile niter deposit. 
4. Fig. 2.10 shows the nitrogen cycle in more detail than is given in 
the text. What new processes have been added to the nitrogen cycle 


in the figure? . | 
5. Remember the properties of nitrogen and indicate two methods 


by which atmospheric nitrogen could be fixed in compounds at 
chemical plants. Write equations for the reactions by which calcium 
nitrate is prepared by each method. 


Chemical Reactions Used in the Manufacture 


2.13 of Nitric Acid 


Before the synthesis of ammonia had been mastered, nitric 
acid was prepared by the action of sulphuric acid on Chile 
niter. The acid was only used in the manufacture of explosives, dyes, and 
some other chemical products. Now nitric acid is prepared from synthetic 
ammonia and is mainly converted into nitrogen fertilizers. 
How can nitric acid be prepared from ammonia? 
Several reactions should be carried out one after another. Each of these 
reactions is already known to us. They are as follows: 


4NH, + 50, = 4NO + 6H,O + Q (1) 
2NO + 0,2 2NO, +0 (2) 
3NO, + H,O = 2HNO, + NO + Q (3) 
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should be displaced by increasing pressure. In fact, concentrated nitric acid is 
produced in industry by this method: the reaction is carried out at 
a pressure of about 5 MPa. 

Another method can also be used: concentrated sulphuric acid is added to 
dilute nitric acid and the mixture is heated. Only nitric acid is evaporated, 
while water and sulphuric acid remain liquid. 

At some plants producing nitric acid one can still observe the discharge of 
flue gas coloured by nitrogen (IV) oxide: it is very difficult to completely trap 
nitrogen oxides because the rate of oxidation of nitrogen(II) oxide is very 
low due to its low concentration in the flue gas. 

Nitrogen oxides are harmful to man and plants. Flue gases at modern 
plant are therefore heated and the nitrogen oxides are decomposed over 
catalysts, and only then are they discharged into the atmosphere. 


? 1. What is the difference between the method for preparing nitric 
А acid in the laboratory and in industrial conditions? 
2. What quantity of ammonia should be taken to prepare 1000 tons 
of anhydrous nitric acid, if the yield of nitrogen(II) oxide during 
contact oxidation of ammonia is 98%, and 99% of nitrogen (II) oxide 
are converted to nitric acid? Solve the problem without making out 


equations. 


2.1 4 Phosphorus 


The chemical symbol of phosphorus is P, its atomic number 15, 
the atomic weight 31. The diagram of the atom structure is 


Phosphorus was first isolated in the free state in the form of a wax-like substance 
that shone in the dark. Hence the name phosphorus, which literally means ‘light 
bringer’ (Greek). Volatile compounds of phosphorus, which are formed when organic 
Temains decay have the same property. This accounts for the rare phenomenon of 
will-o’-the-wisp (misleading or wandering lights), which has become the cause of the 
Superstition about the wandering souls of the dead who leave their graves. 

Phosphorus in the free state has several allotropic forms. In accordance 
With its structure, the atom of phosphorus can form three covalent bonds 
like nitrogen does, but while all three bonds in the molecule of nitrogen are 
used to bind the atoms together, in all the allotropes of phosphorus all 
atoms are bonded in pairs by only one bond. | If a phosphorus atom 
combines with three other phosphorus atoms in this way, all three attached 
Phosphorus atoms will have two unused valency units (Fig. 2.12a), i.e. each 
Of these three phosphorus atoms will have two unpaired electrons. The 
unused valency units may form bonds between the phosphorus atoms 
themselves which then combine into a tetra-atomic molecule. The 
configuration of this molecule is the triangular pyramid (tetrahedron) shown 
in Fig. 2.125. White phosphorus consists of these molecules. Its crystal lattice 
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Fig. 212 Molecular Structure of phos- 
phorus: 
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Look at Fig. 2.124 


ine 
again. The attached phosphorus atoms can comb 
through their free Valency units not j 

additiona] Phosphorus at 


> Red phosphorus is isolated as 
Wder and like all Substances 
nonvolatile and insoluble in an 
en heated Strongly 1 
rus. This с 


turns back into white phospho- 
without ligh 


€ Observed in the dark when we strike a шие 

ting it. The match head leaves for an instant a shining trace es 

the match box. is is whit Phosphorus that Shines in the dark. 
In accordance with its position in the 


is 
Periodic table, phosphorus 
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2 Nitrogen Subgroup 


electronegative with respect to the metals and hydrogen and electropositive 
yt respect to the nonmetals coming to the right and above phosphorus in 
Г. periodic table (oxygen included) Look at Table 2.3: the symbols of 
e pee that are electronegative with respect to phosphorus are given in red. 
Phosphorus reacts with metals to form phosphides, e. g. magnesium phos- 
phide Mg;P,. 
РК. radius of the phosphorus atom is larger than that of nitrogen. The 
ri cag of the valency electrons by the phosphorus atom is therefore 
va er, and phosphorus gains the missing electrons that are required to 
mplete its outer layer with greater difficulty than does nitrogen. For this 
— n, the oxygen compounds ої phosphorus (in which it is electropositive) 
(in poor E bue the oxygen compounds of nitrogen, while the hydrides 
nitrogen А om e As electronegative) are by contrast less stable than 
(phosphine) "em with hydrogen (ammonia) Hydrogen phosphide PH, 
н Ъ s so unstable that, in contrast to ammonia, it cannot be 
ты lirectly combining phosphorus and hydrogen. 
Supe af оре reactions by oxygen and other oxidants are very 
B Bohr Whe пе Беке. When. it reacts with oxygen, it burns with 
e opened о form a solid higher oxide P,O, in the form of 
0 0 5+2- 
"и 4P + 50, = 2P,0, 
ei А 
Sher ee oe can only burn after it has been ignited, while white phos- 
опе In air at room temperature (it shines). Shining of white phos- 
{HE inne ing its slow oxidation is an example of the direct conversion of 
À eed chemical energy of a substance into radiation. 
ihe dhe ure of red phosphorus with potassium chlorate KCIO, explodes at 
ightest friction or pressure: 
0 5+ 5+ 1= 
P + KCIO, > P,O; + Ка 


vi e electron equations for this reaction and put the proper 

vou Odes] reaction occurs each time we strike a match. A mixture of 

КОШ ^ chlorate, with, for example, sulphur as the combustible material is 

ixi ned in the match head, while red phosphorus is the component of the 

anci re on the striking side of the match box (Fig. 2.13). The man’s most 
cient need for fire has thus been solved by red phosphorus. 


? 


1. Describe the physical and chemical properties of red and white 
phosphorus. Red phosphorus is heated strongly in the left end of 
a bent evacuated tube (Fig 2.14a) while its right end is cooled. What 
^ is collected in the right end? _ 

2. Describe the chemical properties of phosphorus according to its 
position in the periodic table. 
3. Calculate the number of electrons in the outer layer of each phos- 
phorus atom in the molecule of white phosphorus and in crystal 
lattices of black and red phosphorus. 
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као 


Ted phosphorus + glass 


horus 
Fig. 214 Conversion of red phosp! 
into white Phosphorus 


р und of 
4. Write the formulas of (a) aluminium phosphide, (b) comp ogen, 
sulphur and phosphorus, (c) compound of phosphorus formula goes 
in which the electropositive element (its symbol in the Name these 
Mst, as usual) has the highest oxidation number. 


5 сад 5 
9 close with a cotton pad round wale sn “Cotton 
bound. Heat Strongly (Fig. 2.145), and pull energetically 
Pad from the test tube by the thi 


is 
^ а enon 
read: an interesting phenom 
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Oxygen Compounds of Phosphorus 


Phorus burns, a de. 
Оп the walls of th 


e 
€ vessel in the form of a ут 
: Phosphorus (v) Oxide PO. If water is added and the to 
is shaken, a cloudy Наша 15 first formed, he cloudiness soon resolves 
give a clear Solution Which turns litm d. 
phorus (V) oxide Occurs in 


o 
* phosphorus oxide molecule ps 

go equation of this reaction 

P,0, + H,O - ?HPO 
Another water molecule the R 


phosphoric acid, which is known Simply a. 


HPO, + H,O = HPO, 
Phosphorus (V) oxide Combines yj 


ith 
tide ‹ Sca IY both with liquid water and wit 
its vapour. This oxide is therefore used to dry Bases, 


П attaches to m, ‘aphosphoric acid to give ortho- 
$ phosphoric acid 
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Phosphoric acid H,PO, is a solid substance readily soluble in water. 
Unlike nitric acid, phosphoric acid is nonvolatile. It dissociates in steps in 
solution: 


H,PO, 2 H* + H,PO;; H,PO; =Н* + HPO}; 
HPOi- = Н+ + POj- 


Being tribasic, phosphoric acid is weak. — 

During the dissociation of polybasic acids each subsequent hydrogen ion is 
eliminated with greater difficulty than the previous one because the charge 
Of the anion increases and it becomes more difficult to overcome its 
attraction. Solutions of phosphoric acid, therefore, contain in addition to the 
molecules of H,PO,, many H;PO; ions, very few HPO37 ions, and a tiny 
number of PO3- ions. . 

Phosphoric acid only reacts with metals that come before hydrogen in the 
electrochemical series. Its neutral salts are phosphates. Depending on the 
amount of the base added to the phosphoric acid solution, one, two, or three 
hydrogen atoms may be substituted for the metal atom 


H,PO, + NaOH = NaH,PO, + H,O, 
H,PO, + 2NaOH = Na,HPO, + 2H,0, 
H,PO, + 3NaOH = Na,PO, + 3H,O 


Therefore, phosphoric acid can react with one metal to give three different 
Salts. If only one hydrogen atom is replaced by metal, while the other two 
hydrogens remain bonded to the acid residue in the univalent anion H;PO; , 
the salt is called dihydrogen or monobasic phosphate (di means two). If the 
metal substitutes for two hydrogen atoms in the acid molecule, only one 

Ydrogen atom remains bonded to the acid residue to form the НРОЈ ion, 
the salt formed is called a hydrogen phosphate. If the metal is substituted for 
all the hydrogens in the acid molecule, the salt is simply called a phosphate. 
Examples of these salts are: 


dihydrogen phosphates NaH,PO, Са(Н,РО, ),, NH,H;PO, 
hydrogen phosphates Na,HPO,, СаНРО., (NH,);HPO, 
Phosphates Na,PO,,  Ca4(PO,) 


Dihydrogen Phosphates of all-metals are readily soluble in water. Phosphates 
^re insoluble in water (except those of the alkali metals) while hydrogen 
Phosphates are intermediate in solubility between dihydrogen phosphates 
and neutral Phosphates. All insoluble phosphates dissolve when strong acids 
+ added because they are converted into acid salts, dihydrogen phosphates, 
Ca,(PO,, + 4HNO, = Ca(H,PO,) + 2Са(МО.), 


The net ionic equation is 
Са.(РО.), + 4H* = 3Са?* + 2H;PO; 


1 
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Gaseous hydrides of arsenic and antimony (AsH, and SbH,) are even less 
stable than hydrogen phosphide. 
Higher oxides of the elements standing in the nitrogen subgroup have the 
general formula R,O, and they give hydroxides with acid properties. 
Arsenic acid HAsO, is very similar to phosphoric acid in its properties. 
Hydroxides corresponding to the higher oxides of antimony and bismuth 
have weak acid properties. 


Mineral Fertilizers 


i . We know from biology that various chemical elements play an 
mportant role in the life of plants. Some of us have used mineral fertilizers adding them 
to the soil. Remember what you know from theory and from your own practical 
experience and try to answer the following questions: 

1. What substances are plants made of? 

2. Of what elements are these substances composed? 

3. Where do plants take the required nutrient substances? 

a Which mineral fertilizers do you know? What are they made up of and what do 

they do? 

5. Which fertilizers have you seen used on farms? Which of them have you used 

yourselves? What do you know about their efficiency? 


3 1 General Properties of Mineral Fertilizers and 
= Land Improvement 


The appropriate use of fertilizers can increase crop yields 
several times. However, what properties must a mineral 
fertilizer possess to meet the demands of agriculture adequately? 

Mineral fertilizers are characterized by the concentration of nutrients they 
contain. The nutritive value of fertilizers is normally expressed by the 
percentage of nitrogen, phosphorus(V) oxide P;O;, potassium oxide K,O, 
calcium oxide CaO, etc. 

How can the percentage of K,O and Р.О, in a mineral fertilizer be calculated? 
Let us determine the content of K,O in potassium chloride. The fertilizer has no 
potassium oxide and the calculation is therefore only conventional. We act as follows: 

(1) calculate the relative molecular weight of potassium chloride 

M,(KCI) = 39 + 35.5 = 74.5 
and the relative molecular weight of potassium oxide 
M,(K,O) = 78 + 16 = 94 

(2) taking into consideration that one molecule of potassium chloride contains one 
potassium atom, and potassium oxide two potassium atoms, we divide the molecular 
weight of potassium oxide by twice the molecular weight of potassium chloride and 
multiply by 100. The result is the percentage of potassium oxide in potassium 
chloride: 

94 x 1007; 
ELI E 63.1% 
2х 74.5 
In order to determine the percentage of P,O, in calcium dihydrogen phosphate 


Ca(H,PO,), do the following: у 
(1) calculate the relative molecular weight of calcium dihydrogen phosphate 


M, [Ca(H;PO, ), ] = 40 + 4 + 62 + 128 = 234 
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and the relative molecular weight of phosphorus(V) oxide 
M,(P,0,) = 62 + 80 = 142 


(2) by taking into consideration the fact that there 
phorus atoms (two) in both molecules, divide the seci 


multiply the result by 100. The percentage of phospho 
тореп phosphate is 


142 x 100% 
234 


is an equal number of phos- 
ond number by the first and 
rus(V) oxide in calcium dihyd- 


= 60.7% 


The total output of mineral fertili 


zers is measured in millions of tons per 
year. The fertilizers must then be 


packed, transported by rail and other 
roads, kept at stores, and then added to the soil. АП these labour-consuming 
Operations are very costly, and so to reduce the expenses, the chemical 
industry should turn out concentrated fertilizers. For example, double super- 
phosphate containing up to 48% of P,O, should be produced instead of the 


contains up to 20 per cent of Р,О;. 
um nitrate, potassium chloride, and super- 
ritive element, such as nitrogen, potassium, 


ammonium dihydrogen phosphate NH,H,PO, and ammonium hydrogen 
4); HPO,. It is obtained by neutralizing phosphoric acid with 
ammonia. 

Compound fertilizers containing the required proportions of the essential 
elements are prepared by mixing simple fertilizers. But not all fertilizers can 
be mixed because the components may react with each other. 
nutrients into gases or into a less assimilable form. 

When stored, some fertilizers can ‘cake’ to form large lumps or even solid 
heaps. They should be crushed before use and this is not an сазу operation. 
The ability of some fertilizers to ‘саке’ often depends on how hygroscopic 
they are. Some fertilizers are so hygroscopic that they absorb moisture from 
relatively dry air. Ammonium nitrate (Norway Saltpeter) is such a fertilizer. 
Fertilizers that cannot absorb water from air containing over 80 
moisture, are called nonhygroscopic. Am i 
nonhygroscopic. Granular fertilizers 


» Converting the 


Liquid fertilizers such as ammo: 0 
solution of ammonia іп wate Ы та water (а 20-25%, 


f ammonium nitrate 
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1. Compare the concentration of nitrogen in the following 
substances: NaNO,, (NH,),SO,, NH,NO,. Which of these 
substances can be called a concentrated fertilizer? What are the 
advantages of concentrated fertilizers? 

А 2. Calculate the concentration of elements (calculating as their 
oxides) in the following substances: (a) double superphosphate, 
(b) pure potassium chloride, (c) sylvinite containing 28% of KCI and 
72% of NaCl. 

3. Calculate the concentration of nutritive elements іп KNO,, 
NH,H,PO,, (МН, ),НРО,. Can ammonium nitrate be mixed with 
lime? 

4. Calculate the concentration of nitrogen in liquid ammonia and 25 
per cent ammonia water. Compare it with the concentration of 
nitrogen in solid fertilizers, for example, in potassium nitrate and 
ammonium nitrate. 

5. Calculate the weight of ammonium nitrate, double superphos- 
phate, and potassium chloride that should be added to soil for 
growing sugar beet if the normal requirements are 75 kg of N, 80 kg 
of P,O,, and 80 kg of К,О per hectare. 


3.2 Chemical Improvement of Soils 


Soil improvement which is also known as melioration (the word 

derives from the Latin melior meaning better) includes 
measures to improve the properties of soils, such as the reclamation of swamps, 
planting forests, and chemical methods. 

At each stage of the development of every type of plant there are optimum 
soil conditions favouring its growth. The reaction of soil solution is 
especially important. It depends on the concentration of the hydrogen ion in 
it. 

Many of the soils in the Soviet Union are acid. However small the hy- 
drogen ion concentration may be, it is several times higher than the hy- 
drogen ion concentration in pure water or neutral solutions. Excess quantities 
of hydrogen ions are harmful to plants because the acidity of soil decreases 
the activity of the useful bacteria which live in the soil. Physical properties of 
Such soils are unsatisfactory, their permeability to air and water is low. Acid 
Soils may be improved by adding sufficient amounts of lime-containing 
Substances, 

_ In order to decrease the acidity of soils, crushed natural calcium carbonate 
is often used instead of calcium hydroxide. Calcium carbonate is insoluble in 
Water but it reacts with hydrogen ions to form a soluble salt and carbon 
dioxide 

СаСО; + 2Н* = Ca?* + H,O + CO, 


When the acidity decreases, the soil's structure changes as well: it becomes 
loose and permeable to air and water because the clay particles do not stick 
together. 

A single liming of soil may continue its favourable effect on crop yields for 
à long period of time (to 15 years). 
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1. What is soil improvement ep a 

How do crop yields depend on soil acidity? ВЫ 
= 5 What does imag of soil mean? In what cases поша ше ate 
added to a soil and what effect does it have on cop, Mi during 
equations for the reactions that occur in the soil so ' 
frin idic i tion О 
4. Soils are considered to be strongly acidic if the concn ilian 
hydrogen ions in the soil solution is at least 300 tim s MOR aed 
that in pure water. What is the mass of the hydrogen io 


eit issociation in 
in one litre of such а Solution if the degree of water 415501 
normal conditions is 2 x 10799 


E 
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Nitrogen Fertilizers 


Ammonia and 
fertilizers. Urea 
Which the Concentration of the 
absorb moisture from air at m 
when stored, When added to 5 


ious 

nitric acid are used to manufacture beer ei 

(carbamide), (NH3),CO, is a solid ie mile 

nutrient is very high. This sup ні. = oie 

oderate humidity and does not there viiam 
oil, urea converts into ammonium car 

(NH,,CO + 2H,0 = (NH,),CO, | 

E it is 

Urea is also Used to supplement animal feeds. In the chemical prend wi 
one of the most important raw materials for the manufacture of plas 

many other products. 


" а 
One of the most popular fertilizers is ammonium nitrate nien 
Saltpeter). Its nitrogen content is greater than that of other solid fer The 
but its disadvantage is that it cakes in a os by 

п, however, be overcome by granulating the fertilizer 


К у 5 1510. 
adding specia Substances that Prevent the absorption of moi 
mmonium nitrate should 


i it from 
be kept in containers that isolate it f 
atmospheric moisture, for example in polyethylene bags. 


Fig. 3.1 Industria] Unit for рге ari 
ammonium nitrate ` re 
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Fig. 3.2 Granulation tower: а longi- 
tudinal section and a general view 


Ammonium nitrate is prepared by neutralizing nitric acid with ammonia. 
This is an exothermic irreversible reaction. The starting materials react 
completely when taken in amounts calculated from the chemical equation of 
the reaction. 

‚ An industrial apparatus used to manufacture ammonium nitrate is shown 
in Fig. 3.1. Dilute nitric acid and gaseous ammonia are fed continuously into 
the apparatus and ammonium nitrate emerges from it. Since the reaction is 
exothermic, the solution temperature rises, part of its water is evaporated, 
and the solution thus becomes more concentrated. The concentrated solution 
15 then heated again and is converted into a melt which is granulated: the 
melt is fed at the top of high towers (Fig. 3.2) where it is atomized by 
А Totary sprayer. A countercurrent flow of air moves from the bottom of the 
iat to meet the falling drops of the melt, which thus cool to solidify into 
-3 mm granules, 
у n 
^ 1. Ammonium sulphate is obtained at coke plants by neutralizing 
ammonia contained in coke gas with dilute sulphuric acid. What 
quantity of sulphuric acid (as 100% Н,50,) is needed to obtain 
І ton of ammonium sulphate? (Disregard the loss) — А 
2. Compare raw materials needed to produce (a) ammonium nitrate, 
(b) ammonium sulphate, and (c) sodium nitrate. Which of these 
products are obtained from more accessible raw materials? 
3. Why does granulated ammonium nitrate adsorb water vapour 
from air slower than the powdered fertilizer? — Е 
4. Make out a list of operations (in the order in which they follow in 
the flow-sheet) that are needed to produce (a) solid ammonium 
nitrate, (b) liquid nitrogen fertilizers. Which. of these fertilizers 
Tequires smaller amounts of the starting materials? Which of them 
will be cheaper? 
bse ee ee 
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Phosphorus Fertilizers 


Apatite and 

for the man 
itself and all the phosphor 
Ca; (РО.).Е. The appatite o. 
аге sedimentary rocks, 


d 
T Р in strata ап 
In Prerevolutionary Russia phosphorites were mined from thin stra 
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B š ich deposits 
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of apatite in the Kola Peninsula was therefore very M iri materials 
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Phosphorite ores are used as the pt 
ufacture of phosphorus fertilizers, р ips 
us compounds. Both ores contain flu Toutes 
Fes are volcanic in origin, while the phosp 


raid А al, which 
Pest phosphorus fertilizer is png а 
contains Phosphorus as the water-insoluble calcium phosphate. 


in bulk of the 
Te suitable for all soils or for all plants. The main ben for 

mined Phosphorus Ores is processed chemically into substances 

assimilation by all plants and 


ble 
in any soil. These are the ee is 
Ydrogen phosphate BU } HPO, 
‚ à mixture of NH,H,PO, and (N ch 5 
phosphate CaHPO, (precipitate) 
oluble in weak acids, etc. tes: 
r the manufacture of soluble phosphates 


А ? 
aterials? 
* Prepared from natural raw mat 
m Phosphate reacts with sulphur 


, 
d an aqueous soluti i 


hosphori 
OW can phos 
hen calciu 
Precipitate an 


ral 
cid is also Obtained in industry by another proas, рај = 
Phosphates Teact with carbon and silicon (IV) oxide at about 1600*C 
gaseous phosphorus 


Ca, (PO, 


as а double superphosphate and is obtained by the action of phosphoric acid 
on crushed natural phosphates: 


Ca,(PO,), + 4H,PO, = 3Ca(H,PO,), 


For more than hundred years, a simple superphosphate, formed by the 

action of sulphuric acid on natural calcium phosphate 
Са. (РО), + 2H,SO, = Са(Н,РО,) + 2CaSO, 
was the only phosphorus fertilizer. 

The amount of sulphuric acid used to prepare simple superphosphate is 
smaller than that needed to make phosphoric acid from the same calcium 
phosphate. A mixture of calcium dihydrogen phosphate and calcium sulphate 
is thus prepared. It contains up to 20 per cent of Р.О.. 


? 1. What is the concentration of fluorapatite in the apatite-nepheline 
A rock mined at the Kola Peninsula if the concentrated rock contains 
39.4% of P,O, and all the fluorapatite is presumably recovered from 
it? 
2. Why does fine crushing of phosphorite increase the efficiency of 
phosphorite meal? Explain why the fertilizer should be added to soil 
during autumn ploughing (before sowing), and mixed with soil. 
Explain also the prolonged (during several years) action of phos- 
phorite meal. = 
3. Determine the percentage of P,O, in simple and double super- 
phosphate (disregarding the presence of impurities). 


3.5 Potassium Fertilizers 


Potassium mineral deposits were not known in 
prerevolutionary Russia. The geological survey during the 
1920s was a great success and the greatest deposit of sylvinite in the world 
was discovered near the town of Solikamsk. Thousands of millions of tons of 
this valuable mineral, which is actually crystals of potassium chloride 
intermixed with sodium chloride crystals, lie at the depth of 100-300 metres. 
Potassium salts are mined also in Byelorussia. The quantity of potassium 
Salts quarried in the Soviet Union is measured by tens of millions of tons per 
year. Most of the potassium fertilizers used in the USSR is obtained from 
Sylvinite. | 
How can potassium chloride be separated from sodium chloride? The 
solubility of sodium chloride almost does not change with decreasing 
lemperature, while the solubility of potassium chloride decreases sharply. 
Therefore, when a solution of sylvinite that is saturated at 100°C is cooled to 
room temperature, most of the potassium chloride precipitates from the 
solution. The crystals are separated by filtration, while the solution is used to 
dissolve new portions of sylvinite. This is the industrial method of separating 
the chlorides of potassium and sodium, but it is rather complicated and 
expensive. Another method of separation is therefore widely used and is 
nown as flotation. Sylvinite ore is crushed and placed in its saturated 
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solution to which a reagent is added which sticks to the surface of ye 
chloride but not to the surface of sodium chloride Particles. As а | 
particles of potassium chloride (in contrast to those of sodium c lori S а 
not wetted by the water. When air is then passed through the d 
air bubbles stick to the surface of the potassium chloride grains. ce 2 
to the surface (hence the name of the "pni and the potassium chloride 
from the mixture together with foam. 
e ше plants suffer from excess of the chloride ions. Among them 


ne of the measures to remove the harm- 
oride fertilizers in the autumn so that 
om soil. But a better way out is to use 


potassium chloride. These may be 
potassium phosphate or potassium nitrate, P. 


1. Ву what methods can potassium chloride be separated. from 
Sodium chloride in industry? 


2. What products тау be obtained by complex 
Sylvinite? 
3. Which potassium fertilizer 


contains the maximum percentage of 
K;O? (Disregard the impurities.) 


treatment of 
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Carbon Subgroup 


4.1 Position of Elements of the Carbon Subgroup 
a in the Periodic Table. The Structure of Their 
Atoms 


The carbon subgroup is the main subgroup of the 4th group of 
the periodic table. The subgroup includes carbon, silicon, germanium, tin, and 
lead. 

The outer electron layer of the atoms in the carbon subgroup contains 
four electrons: two paired s electrons and two unpaired p electrons. The 
outer layer thus contains the same number of electrons that it needs to be 
completed. 

The most important elements of the 4th group of the periodic system are 
carbon C and silicon Si. The former is the most important element in all 
living organisms and the latter is the most abundant in the Earth's crust. 
Carbon and silicon are nonmetals. But they assume an intermediate position 
between the nonmetals whose atoms more easily accept electrons in reactions 
than donate them, and the metals that readily give off their valency electrons. 
One might therefore expect that the atoms of carbon and silicon will not 
give off or capture all electrons that they can donate or accept in reactions, 
but will form four covalent bonds. In the vast majority of their compounds, 
Carbon and silicon are tetravalent. 


4.2 Carbon 


The chemical symbol of carbon is C, its atomic number 6, its 
atomic weight 12. The structure of the carbon atom is 


Judging by the number of unpaired electrons, the carbon atom should be 
divalent. But the paired electrons contained in the carbon atom can disjoin 
and all four electrons become unpaired. The carbon atom is therefore 
tetravalent. The clouds of all four electrons are equally elongated while their 
axes are all directed toward the vertices of the tetrahedron (Fig. 4.1). The 
energy spent to disjoin the paired s electrons in the carbon atom is 
Compensated by the energy evolved during formation of two new chemical 
bonds that arise between two distinguishing electrons and other atoms 


(carbon atoms included). 
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4.3 Allotropic Modifications of Carbon 


Free carbon forms several allotropes. Diamond and graphite 
are among them. Both have atomic crystal lattice but the 
arrangement of atoms in them is different. We have already discussed the 
lattice of diamond. Each carbon atom in a diamond crystal is connected to 


four other atoms equidistantly located round it by covalent bonds (Fig. 4.1). 
All the bonds in diamon 


atomic layer is formed by interconnected 
oms like a honeycomb (Fig. 4.2). The ability 
ch six-membered rings is as characteristic as 
Carbon atoms that are directed toward the 
all get acquainted with carbon compounds 
5 in more details in the course of organic 


У; it is the hardest natural 
to cut glass, to drill rock, and in the manufac- 


аге interconvertible at high 
at high temperature and 
Graphite can be converted into diamond at high 
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Fig. 41 Structure of diamond and 
diamond articles: 


gem stones, rock drill bit, a glaziers diamond, 
à diamond pencil (diamonds are given in red) 


Fig. 4.2 Structure of graphite and gra- 
phite articles: did е 


вгарћне lubricant, pencil, bushes, and electrode 


temperatures and under very high pressures. Cutting tools made with 
Artificial diamonds are not inferior to those made with natural diamonds. 
In everyday life we often deal with other forms of carbon: carbon black 
(soot) and coal. These are amorphous allotropes of carbon similar to gra- 
Phite except that they are divided into very fine particles. If paraffin lamp is 
not properly adjusted, soot is deposited on the glass. This is carbon black. 
0045 may burn in a frying pan and turn into a charred mass; this is also 
carbon. The same happens when we heat strongly a splint in a test tube 
Without any air. The wood chars to turn into charcoal with evolution of 
Combustible gases that may be ignited if we bring a burning match to the 
Mouth of the test tube. 
he thermal decomposition of organic substances in the absence of air (to 
Prevent burning) is called dry distillation or pyrolysis (from the Greek pyros 
ire and lysis loosening or decomposition; compare ‘hydrolysis’). 
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Fig. 43 Porous Structure of 
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Charcoal can adsorb all gases, noble gases included, but its adsorbing 
power differs for various gases. The easier a gas is liquefied, the stronger it is 
adsorbed by charcoal The adsorbed gas can be recovered by heating the 
charcoal This property is used for regeneration of charcoal i.e. for 
restoration of its adsorbing power. Charcoal is used in the manufacture of 
sugar and alcohol to clean them from impurities. Activated carbon is 
available at pharmacy shops in the form of tablets and can be swallowed to 
remove noxious substances that may have accidentally entered the stomach. 
Active carbon is used in gas masks to protect the respiratory tract from 
noxious impurities in the air. 


4.5 Chemical Properties of Carbon 


Carbon stands in the periodic system almost in the middle 
between metals and nonmetals. It is therefore both 
electronegative, i.e. it acts as an oxidant in reactions with metals, and 
electropositive, i.e. acts as a reductant in reactions with nonmetals (oxygen 
included). The elements that are electronegative toward carbon are given in 


red in Table 4.1: 
Е Table 4.1 
у М м m 


If carbon is heated to its ignition point, it burns in air, like in oxygen, 
Without a flame or smoke to give carbon(IV) oxide: 


C + О, = CO, + 402kJ 


A flame is burning gas or vapour which is formed by substances that 
become volatile at the ignition point of a combustible substance. (Remember 
Our earlier experiments in which we burned phosphorus, sulphur, ог paraffin 
in oxygen.) Carbon is not volatile at the temperature at which it burns and it 
therefore burns without a flame; it only glows. | 

Carbon can take oxygen from other compounds. When heated, it reduces 
many metals from their oxides. When a mixture of two black powders, one is 
Carbon and the other copper(II) oxide, is heated in a test tube it turns red: 
Powdered copper metal is thus obtained, while the other reaction product is 
Carbon (II) oxide: 


C + 2CuO = 2Cu + СО; 


When an electric arc is formed between two carbon electrodes in a hydrogen 
atmosphere, carbon combines with hydrogen to form methane CH,: 


C 4 2H; — CH, 


4.5 Chemical Properties of Carbon 


Methane is not the only carbon compound with hydrogen. Remember the struc- 
ture of diamond crystals: the 


he carbon atoms can form strong covalent bonds not only 
with other elements but with carbon atoms 


а carbon atom is Spent to bond it to another carb. 
in each of the two Carbon atoms and the: 


CiH,. If we thus continue the chain of ‘carbon atoms, we get more complicated 
hydrocarbons: C,H; C 


Н «Нло, etc. Mixtures of hydrocarbons accumulate in nature in 
underground cavities in the f 


orm of petroleum and natural gas, 
[RENE —— s i EN 
^ h 


Б Оп and regeneration of activated charcoal, and 
Practical uses of these processes, 


4. Ich gas is adsorbed better, ammonia ог nitrogen? Explain. 
5. Give formulas of compounds of carbon with (a) beryllium, (b) 
aluminium, (c) sulphur, and (d) fluorine. Superscribe the oxidation 
number of eac element. Write the electropositive elements first. 

гие the equations for the reactions between charcoal and the 


xides: CO and СО,. Carbon (II) oxide 
А Tm two other covalent bonds by 
attaching another Oxygen atom, This ассо 


2C2+02- + 09 = 


The colour of the flame can be seen i 
‹ at the lower me of 
a burning candle Or à match. тапш Vus ба 
Carbon monoxide reduces mo: 
monoxide is passed through a h 


Pep i ide, the 
black oxide is converted into red те copper(I) oxide, 


Powdered copper: 


СШ Ф EO = Gp " Co, 
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dry distillation 


со, «C - 2CO 


с + 0, = CO, 


Fig. 44 Gas generator 


Carbon monoxide does not react with water, alkalis or acids. Like 
nitrogen oxide NO it is a neutral (non-salt-forming) oxide. 

Carbon monoxide is obtained by reacting carbon dioxide with very hot 
carbon 


C + CO, е 2CO — 160k) 


If we burn wood in a stove we can observe the formation of some carbon 
monoxide: blue flames flash over white-hot coals. This is the flame of carbon 
monoxide, which burns when air is admitted into the stove through the open 
shutter. When coals cool down, the blue flame dissappears: the reaction 
between carbon and carbon dioxide has stopped and the carbon monoxide is 
no longer produced. 

We can now explain why a very hot coal burns with a blue flame and why 
this flame is absent if the coal is not very hot. 

Carbon monoxide is contained in some gaseous fuels, in the producer gas 
in particular. A generator where this gas is obtained is loaded with a high 
bed of solid fuel, e.g. coke (Fig. 4.4), and air is supplied into it from below. 
The fuel burns in the lower portion of the bed and the carbon is converted 
into carbon dioxide: 

C + О, = CO, + 402 kJ 


The carbon dioxide (together with the nitrogen from the air) passes through 
the bed of hot coke where it is reduced to carbon monoxide 


CO, + С = 2CO - 160КЈ 


The resultant gas consists of carbon monoxide, nitrogen, and some other 
Substances. This combustible mixture is called the producer gas. 

If fuels other than coke (i.e. free carbon) are used in the gas generator, e. g. 
Wood, the same reactions occur because wood turns into charcoal in the 
Upper portion of the bed (pyrolysis). Volatile and combustible products of 
dry distillation are admixed to the producer gas. 
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А + H Is. 
The conversion of solid fuel into gaseous one is called gasification of fue 


~ 


к ies of 
1. Describe (a) the method of obtaining and (b) the properties О 
^ carbon(II) oxide. Give the reaction equations. 


2. What is producer Bas? Give the equation for the reaction by 
Which it is obtained. 


А "e a gas 
3. Describe the design and the operating principle of а ga 
generator. 


i Н f carbon 
4. The energy evolved during the formation of each mole o ed 
dioxide from coal and oxygen is greater than the energy consum 


А Ees DiE S oxide. 
for subsequent conversion of carbon dioxide into carbon mon 
How do these energies relate? 


4.7 Carbon Dioxide 


e liquefied comparatively easily. When liquid a 
dioxide is evaporated, much heat is absorbed and part of liquid ge ide 
dioxide solidifies into a white Powder that looks like snow. Carbon Шох 
is sparingly soluble in Water, it does not burn, nor does it support t 
combustion, j d 

Carbon dioxide has the PrOperties of an acid oxide. When it is passe 
through a solution of lime water, the solution turns cloudy because calcium 
carbonate Precipitates: 


= CaCO,| + HO 
This reaction 


Millions of years a 
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Fig. А Е А 
dodo Fire extinguishing with carbon 


dioxide са 
without can produce much lower temperatures and that it ‘melts’ (evaporates) 
giving water (i.e. omitting the liquid phase). 

> 

А 1. Describe (a) physical, (b) chemical properties of carbon dioxide, 
and (c) its uses in various states of aggregation, (d) method of 
detection, and (e) occurrence in nature. 
2. Name the sources of carbon dioxide an 
nature, in the home, and in industry. 
3*. Elements A and B react to give two compounds, C and D. The 
substance C is combustible while D is not, but it can be made 
combustible. if it is combined with A. What are A, B, C and D? 
Write equations for these reactions and specify the conditions under 
which these reactions occur. 


d how it is formed in 


4.8 Carbonic Acid and Its Salts 
When carbon dioxide dissolves in water carboni 
fomsd _ H;CO, is formed, which exists only at the momen 
and immediately falls into carbon dioxide and water: 


H,CO, = CO, + H,O 
bonded to the same carbon 


Organi : 
d compounds in which two hydroxyl groups are i 
the cas not exist either. If such a compound were formed by any reaction then as in 
the qs carbonic acid, a molecule of water would also be eleminated from it and 
Bei uble bond О=С= would be formed. 
neutral dibasic, carbonic acid forms two series of 
ее Neutral salts of carbonic acid are called саг 
calci nate, СаСОз), while acid salts are bicarbonates (e.g. Ca(HCO,), or 
E mere bicarbonate). Carbonates of the alkali metals and ammonium 
Co are the only neutral salts of carbonic acid soluble in water. 
str arbonates and bicarbonates are distinguished by their reactions with 
Ong acids: the solution ‘boils’ to liberate carbon dioxide vigorously: 
CO;1 


c acid 
t it is 


salts, viz, acid and 
bonates (e.g. calcium 


7 


Na,CO, + 2НС1 = 2NaCl + H;CO; 
ч 
H;O 
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Carbon dioxide is also fixed during erosion of minerals and rocks, and 
returned to atmopshere by volcanos and mineral water springs. 


The carbon cycle on the surface of the Earth is thus constantly 
active. 


A Follow up the main cycles of carbon on the surface of the earth. 


4.10 Silicon 


The chemical symbol of silicon is Si, its atomic number 14, and 
its atomic weight 28. The structure of its atom is 


Silicon is only second to oxygen in its abundance on the earth. About 50 


per cent of the mass of the Earth's crust is oxygen and almost 25 per cent is 
Silicon. The Earth's crust mainly consists of compounds of silicon, oxygen, 
and other elements. 


The outer layer of the silicon atom (like that of carbon) contains four 
ectrons but they are located at a longer distance from the nucleus and so 
their attraction to the nucleus is weaker. Silicon's neighbours in the periodic 
System are the metals: aluminium to the left and germanium to the bottom. 


Therefore, although the nonmetallic properties prevail in silicon, it also has 
certain metallic properties. 


Silicon crystallizes in the same 
diamond, silicon conducts electricit 


el 


crystal lattice as diamond. But unlike 
У when heated or when other elements 
are added. Silicon is semiconductor. The presence of electric conductivity in 
silicon makes it similar to metals. The appearance of silicon is also like that 
of metals (metallic lustre). 


When heated strongly, powdered silicon burns to give silicon(IV) oxide 
SiO, known as silica 


Si + О, = Sio, +0 


nate: each silicon 1 

i ato 
atoms, and vice versa, Ca i oe 
IS used as an abr; 
Free silicon is used 
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characterized by their high refractoriness and acid resistance. Silicon is added 
to steels as an alloy with iron, ferrosilicon. 

Artificially grown crystals of pure silicon are used as semiconductors in 
solar cells which convert the energy of the sun's radiation into electrical 
energy. Solar cells are indispensible in artificial satellites and space craft. 


A 1. Describe the physical and chemical properties of silicon and its 
uses in the free state. 
2. Draw the structural formula of carborundum, characterize its 
properties, and describe its practical uses. 


4.11 Oxygen Compounds of Silicon 


Silicon oxide SiO, is also known as silica. Unlike carbon 

dioxide, silica is a hard high-melting substance. The very 
different physical properties of СО, and SiO, are due to their different 
crystal lattices. Carbon dioxide crystallizes in a molecular lattice composed 
of loosely connected CO; molecules, while silicon dioxide has an atomic 
lattice, whose structure can be shown as: 


{ О - io | 
b 5 о 


-—— ee ч 


| | | | 


This marked difference in the structure of these oxides is due to the 
different atomic radii of carbon and silicon. The carbon atom is so small that 
it can only hold two oxygen atoms by its side, bonding to each oxygen atom 
via two valency units thus forming the molecule O—C-—-O. The silicon atom 
can hold four oxygen atoms by each of its four valency units, while the other 
valency unit of each oxygen is spent to attach another silicon atoms. The 
atomic lattice is thus formed instead of molecular one. Each silicon atom 
thus becomes enclosed in a tetrahedron of four oxygens not only in silica but 
also in all the other oxygen compounds of silicon (silicic acids and their 
salts). 

Silica occurs in nature as inclusions in granites and other rocks. These 
inclusions look like pieces of melted glass in the rock fragments. As the rock 
is destroyed by weather (erosion) these silica grains gather in beds of rivers 
in the form of white sand. Silicon dioxide occurs also in the form of beautiful 
single crystals whose size may be quite significant (see Fig. 4.7). 

Crystalline silica is called quartz. Silica melts and solidifies slowly, which 
facilitates the manufacture of various articles from quartz (chemical 
glassware, for example). The thermal expansion of quartz is insignificant and 
quartz glassware can therefore be heated to high temperatures (to white hot) 
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Fig. 4.7 Natural crystal of quartz 


and then dropped suddenly in cold water: it will not break or crack. 
Silicon dioxide is an acid oxide. Tt does not r 


eact with water: rivers flow in 
their beds of silica for thousands of years and yet no product of water 
reaction with white sand has ever been discovered. The acid character of 
silicon dioxide shows itself when silica is melt 


ed with metal oxides, alkalis, or 
carbonates. Salts of silicic acid are then formed 


2NaOH + SiO, = Na,SiO, + H,O 
Silicic acid can be obtained by acting on its salts with acids, e.g 
2Na* + SiO3}- + 2H+ + 504" = HiSiO,| + 2Na* + SO2- 

2H* + $10}- = H,SiO; | 
It precipitates as а jelly-like substance to which the formula of H,SiO 


is 
3 
conventionally assigned. But the precipitate is in fact a mixture of molecules 


interlaced into loose formations having approximately this structure 
OH OH OH OH 


о MN 


H H H H 

Each silicon atom appears to be inside 
atoms. Like carbonic acid, silicic acid is 
decomposes gradually into water and silico 


H,SiO, = SiO, + H,O 


а tetrahedron of four oxygen 


àn unstable compound which 
n dioxide 


_Silicic acid is very Weak. Its salts are called silicates. Like carbonates, 
silicates of the alkali metals are 


Only just soluble. Sil; ali 
metals are known as soluble slags, €. Silicates of the alkali 


^» 


1. Describe the Physical pro; rties of sili 
А т from physical properties о Бо 


(IV) oxide. How do they 
silicon dioxide d 


Г carbon(IV) oxide? f 

slion dioxide aiu ee тооп(ТУ) oxide? What uses o 
- Describe the chemical Properies of silicon(IV) oxide. 

eae Ше physical and chemical Properties, and the method of 

Preparing silicic acid. What is the difference between silicic and 
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carbonic acid, and what property is common to both of them? 
4. Ben salts of silicic acid are soluble in water and what are they 
called ? 

5. Some sand was dissolved by boiling it in a solution of substance 
x, which colours a flame yellow. Hydrochloric acid was added to the 
solution and a jelly-like substance was precipitated. Write equations 
for these reactions. 

6*. How can silicic acid be prepared from silicon? Write down the 
reaction equations. 

7*. Give a sequence of reactions for the conversion of a crystal 
quartz into porous silicon dioxide. The latter is known as silica gel. 
8. Write the ionic equation for the hydrolysis of sodium silicate. 


4.12 Colloidal Solutions 
Silicic acid can form the so-called colloidal solution. When 
a substance is distributed in another substance, solutions or 
suspensions may be formed. Table salt mixes with water to form a clear 
solution, while chalk or clay forms a cloudy suspension in water. Solid 
particles suspended in a liquid form a suspension, while minute droplets of 
one liquid in another liquid form emulsions. Milk is an example of a typical 
emulsion (Fig. 4.8). Suspensions are unstable: depending on density, particles 
contained in a suspension gradually precipitate to the bottom or, vice versa, 
float to the surface of the liquid (cream is formed in milk this way). 
The difference between suspensions and solutions is that a suspension is 
a heterogeneous system, while a solution is a homogeneous one. The degree of 
dispersion, i.e. the particle size, is also very important. In a solution the 
dispersion of a solute in a solvent is higher and the particle size is smaller 
than in a suspension or emulsion. 
Colloidal solutions are intermediate between solutions and suspensions. 
А colloidal solution is a suspension containing particles whose size is so 


о 


starch 


particle clay 
particle 


bacillus 


Fig. 48 Milk as viewed in a microscope Fig. 49 Comparative dimensions of 
colloidal particles and a bacterium 
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light beam 


ы b 
Fig 410 A beam of light passing 
through: (а) а true solution and 
(b) colloidal solution 


small (Fig. 4.9) that the li 
whereas the particles dist 
mulations of them. Silici 
insoluble in water and tr 
Substances. Nevertheless 
Prepared. These are coll 


Add ferric chloride solution, drop by drop, into boiling. water. Ferric 
chloride is a yellow substance while the clear liquid obtained is dark brown. 


This is a colloidal solution of ferric hydroxide which has formed due to the 
hydrolysis of the ferric chloride 


FeCl, + 3HOH = Fe(OH); | + зна 
The net ionic equation is as follows: 


Без“ + ЗН,О = Fe(OH),| + 3H* 


Egg white is also a colloidal solution. Glues, gelatin, or starch form 
colloidal solutions with water on heating, The Word colloid is derived from 
the Greek kolla which 


means glue. The Greek Suffix -oid means like or in the 
form of, and so colloid like glue. 


How can a colloidal 


quid may be thought to be clear by an observer 
ributed in it are not single molecules but accu- 
с acid H,SiO, ог ferric hydroxide Fe(OH); are 
ue aqueous solutions cannot be obtained from these 


clear liquids containing these substances can be 
oidal solutions. 
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appreciably. However, there is no distinct difference between suspensions and 
colloidal solutions, or between colloidal solutions and true solutions. 
Substances are known, e. g. proteins, whose molecules are so large that they 
form colloidal solutions even though they exist as separate molecules in the 
liquid phase. 

Colloidal particles do not precipitate no matter how long the solution may 
Stand. They are in constant motion due to incessant collisions with the 
Solvent molecules and this prevents their precipitation. 

Why do colloidal particles not stick together even though they are 
constantly moving and colliding with one another? 

The presence of an electric charge on colloidal particles prevents them 
Sticking together. Different colloids have different charges. A colloidal 
particle becomes charged either through the elimination of an ion (anion or 
cation) from the particle's surface, which is what happens during the 
dissociation of electrolytes, or through the adsorption of anions or cations 
from solution onto the surface of colloidal particles. The hydrogen ion is, for 
example, eliminated from silicon hydroxide (as if it were an acid) into the 
solution and the particle becomes charged negatively. Particles of ferric 
hydroxide (since it is a base) eliminate the hydroxide ions from their surfaces 
and thus become positively charged. Since colloidal particles are similarly 
charged, they repell each other and cannot stick together to form larger 
aggregations. But if a solution of any electrolyte is added to a colloidal 
solution, for example if we add a few drops of ammonium sulphate 
(NH4);SO, to a colloidal solution of ferric hydroxide, a brown substance, 
ferric hydroxide, is quickly precipitated. This happens because colloidal 
particles attract the oppositely charged 502“ ions and are thus neutralized. 
They can now approach one another and stick together into larger particles, 
which precipitate. 

The aggregation of colloidal particles into larger ones is called coagulation. 
The greater the charge of the adsorbing ions, the lower the concentration 
needed to induce coagulation. 

Colloidal solutions often coagulate to form common precipitates, but in 
Some cases the colloidal particles do not separate from the solvent and the 
entire colloidal solution turns into a semisolid mass known as a jelly, as is 
the case with the solidification of starch or gelatin solutions. Jellies are also 
formed during glues coagulation. When the water is evaporated, a glue 
becomes solid and can unite surfaces of various objects. When an egg is 
boiled, its white coagulates and the same thing happens with blood during 
15 clotting. 

We often observe coagulation in nature when river water containing 
“various substances in the colloidal state meets with sea water which is rich in 
salts. Owing to coagulation of colloidal particles, silt is precipitated at the 
mouth of the river. Shallow waters are thus formed. 

Colloidal solutions play an important role in nature and in industry. Soils 
ars rich in colloidal solutions and phenomena that occur in them account for 
а soil's fertility. The protoplasm of all living cells and blood are colloidal 
solutions. Preparation of colloidal solutions, their coagulation and formation 
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i i es, 
of jellies are all essential processes associated with the manufacture of glu 


B : : S 
lacquers and varnishes, with textile dying, leather tanning, man-made fibre: 
production, etc. 


A я z ; i 
Colloidal solutions do not just form in water, sodium chloride can, fo 

example, form a colloidal solution in benzene. 

ыы 


i ion? 
? 1. What is (a) colloidal solution, (b) suspension, and (c) emulsion) 
^ 2. What are similar and different properties of (a) suspensions 2 
colloidal solutions, (b) colloidal and true solution? 


3. A solution of soap is colloidal and that of sugar, true. Prove it 
experimentally. 


ation? 
4. What is coagulation? What inhibits and what causes ИИ 
5. What happens if two colloidal solutions containing oppositely 
Charged particles are mixed together? 


6. In minor cuts during shaving we use the alum KAI(SO,), · DH 
to stop bleeding. Explain the reaction. if it is known that i 
colloidal particles of the blood albumins are charged negative A 
7. The least quantity of which of the following electrolytes will causi 


coagulation of (a) positively charged and (b) negatively charged 
colloidal particles: Al(NO,);, Na,SO,, ог CaCl,? 


4.13 


Ceramics Industry 


Silicon occurs in nature onl 

silicon dioxide (silica) and 
aluminium, which is the third most abund 
and silicon. Silicates containing alumini 
Their structure is complicated and is th 
of the oxides which combine to form 
feldspar, for example, is expressed by th 


K,0-Al,0,-6SiO, 


The erosion of aluminosilicates by water and air 


the alkali metal is replaced by hydrogen. For example, kaolinite has the for- 
mula Al;0,-2SiO;-2H,O. This is the mai 


п component of clays, White 
(more frequently yellow) clays occur in nature. The colour of clays depends 
on admixtures of iron compounds. 


y in compounds with oxygen, viz. 
Silicates. The latter often include 
ant element on Farth after oxygen 
um are known as aluminosilicates. 
erefore normally expressed in terms 
the mineral The composition of 
е formula 


gives compounds in which 


A sy ШЕ the Greek keramikos meaning 
EAD manufacture of ceramics is clay. 
1), having the shape of platelets. 
i come in clo: а ithout 
forming any gaps of уој | à lose contact w 
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Fig. 4.11 Clay crystal ( x 15000) 


are used in industry, in the home, and in the arts. White clays are used to 
manufacture porcelain, pottery, and earthenware. An article shaped from clay 
is hardened at a high temperature and allowed to begin sintering, after which 
the heating is discontinued to prevent clay from melting. Ceramic articles are 
therefore porous and allow moisture through them. In order to remove this 
disadvantage the articles are glazed with special substances which melt at 
moderate temperatures to form thin glass-like coatings on the ceramic's 
surface. 

Glass. Glass is normally made from white sand, lime, and soda by 
sintering their mixture. Limestone and soda are decomposed to liberate 
carbon dioxide, while the formed metal oxides (sodium and calcium oxides) 
combine with silicon dioxide to turn into silicates 


Na,O + SiO, = Na,SiO,; 
Сао + SiO, = Садо, 


The silicon dioxide is taken in excess quantities and so the manufactured 
Blass is a cooled melt of sodium silicate, calcium silicate and silica. An 
approximate formula of normal glass is Na,CaSi,O,,, or it can be given as 
à compound consisting of oxides: Na,O -CaO -6SiO,. The main property of 
glass is that it passes from a liquid to solid state slowly as the temperature 
falls until it solidifies completely, and not in an abrupt jump. Glassblowing, 
rolling glass into sheets, and drawing glass fibres depend on this property of 
glass. Portions of liquid glass are taken from a bath and the articles are 
blown or pressed into different shapes. Special machines are used to draw 
Sheet glass (Fig. 4.12) and glass tubes. 

he properties of glass can be varied arbitrarily within wide limits by 
replacing the basic oxides of sodium and calcium by oxides of other 
univalent and divalent metals, and by substituting boron (IV) oxide for the 
acid oxide of silicon (IV). If, for example, potash (potassium carbonate) is 
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substituted for soda (sodium car- 
bonate) a more refractory glass 
is obtained which is used for 
the manufacture of laboratory 
glassware. If lead oxide is also 
substituted for calcium oxide, flint 
glass, or crystal, is obtained. This 
type of glass refracts light very 
strongly and is used to make len- 


rollers 


ses and prisms, and also pieces of | 
art. Coloured glasses are prepared 
by adding metallic compounds М 


whose ions have the required co- 
lour to the initial mixture. 
Cement. This is the most 
important modern construction 
material It is prepared Ьу 
burning crushed limestone and 
clay in rotary kilns where the 
components are sintered. The 
kilns are installed in the inclined 
Position and rotate slowly. The 
Starting materials are loaded at 


the upper end of the kiln and 
move slowly down towards its 
lower (discharge) end to meet 
а countercurrent flow of 


а liquid fuel The 


limestone molten glass 


s с and the 
clay ,BIVeS off its water, The Fig 412 Drawing glass sheets 
Temaining oxides of calcium, 


of е inates 
Silicon form calcium silicates and calcium alum hen 
which make up the cement, The f. i i 


ent 5 
: h and packed in water-proof bags. When the cem 
mixed with water а i 
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1. What is the ceramics industry, what raw materials are used in it 
А and what are its main products? 

2. Which of the properties of clay are utilized in the manufacture of 
ceramic articles? 

3. Which properties of cement account for its main uses? 

4. Briefly describe the manufacture of (a) glass, and (b) cement. 
5. What is (a) concrete, and (b) reinforced concrete? 

6. Write equations for the reactions occurring during the manufac- 
ture of glass if the starting materials are potash K,CO,, lead oxide 
PbO, and white sand. 

7. Silica bricks are produced in the Soviet Union on a large scale 
(second only to clay bricks) Silica bricks are made of white sand 
and slaked lime. They are actually grains of quarts bonded by 
calcium silicate. Write the equation for the reaction by which silica 
brick is prepared. 


ш Calcine dry clay in a test tube. Observe the reaction and write its 
equation. This reaction occurs when ceramics are fired. 


4 14 General Characteristics of Elements in the 
е Main Subgroup of Group IV 


The atomic radii increase with the atomic numbers of 
elements in the subgroup (carbon, silicon, germanium, tin, and lead), and the 
attraction of the outer electrons to the nucleus weakens, thus increasing the 
metallic character of the elements in the free state. Germanium looks more 
like metal than silicon but is brittle. Like silicon, germanium is 
а semiconductor, i.e. assumes an intermediate position between insulators 
and conductors (metals) Germanium crystallizes in the same lattice as 
diamond and silicon. Having semiconductor properties, germanium crystals 
are used in electronics. 

Tin and lead both have metallic properties, such as metallic lustre, high 
electrical and heat conductivity, and ductility. The appearance of tin is well 
known from everyday experience (tins, tin-plated iron, etc.), The appearance 
of lead is also known to us: the weights used in fishing, cable covering, and 
Storage batteries are all made of lead. The specific metallic properties 
account for all the uses of these two metals. 

_ Another result of increasing atomic radii in the elements of this subgroup 
Is their decreased electronegativity which shows up in decreased strength of 
chemical bonds with electropositive (toward them) elements, e.g. with 
hydrogen. 

eE E E 


и Write a short report on the practical use of semiconductors. 
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Comparison of Hydrogen Compounds of 
4.15 Nonmetals in Various Subgroups 


When we studied nonmetals, we devoted special нн 
to their hydrogen compounds which аге espe be 
er what hydrogen compounds may ~ 
ydrogen atom can accept electro 4 
H'*) Compounds in e 
as the hydride ion H7, ar 
all ionic compounds. These 
formed by elements with 
?*H1-. In the molten state 
hydrides dissociate into the metal ions and the hydride ions H: -— 
ompounds with most typical т: 
by nonmetals with hydrogen, such as, H} a 
have a molecular lattice. They are qum 
low-melting and volatile. In ordinary conditions these compounds e E 
ог volatile liquids (water). Covalent polar bonds are found in these hydrog 
compounds. 


Let us now compare the 
various subgroups of the 
The different propertie: 
especially marked when th 
compounds dissociate in 
anion of the соггезропай 


H'*CI'7, ог Hi*s?- 


s in 
properties of hydrogen compounds of elements 
periodic system. T 
$ of hydrogen compounds of dormis E 
ey dissolve in water. Group VI and VII hy : Se 
aqueous solutions into the hydrogen ion an 
ng nonmetal: 


НВг = Н+ + pr 


hydrogen. ions and hydroxid 


© ions and therefore has dual (amphoteric) 
properties, 

Let us now discuss hydrogen compounds of the group V elements. 
Ammonia NH 


solutions. This 


excess, 
Hydrogen compounds of nonmeta 


ls of group IV, methane and silane, are 
sparingly soluble in water and displ; i 
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Table 4.2 


nonmetal 
atom 
radius 
increases 


л 

= 
S 
с 
tp 
= 
5 
5 
А 


acids 


<< _———-—— 
Oxidation state of nonmetals decreases 


The > sign indicates that the compound is stronger than that at 
which it points with respect to its acid or basic properties 


nonmetals (Table 4.2) changes regularly in subgroups of the periodic system. 
The strength of acids increases from top to bottom and from left to right. 
How can this be explained? 

The attraction between oppositely charged particles diminishes with 
decreasing charge and increasing distance between them; this is why 
hydriodic and hydrobromic acids are the strongest among acids formed by 
nonmetal hydrides. 

Uninegative ions 17 and Br- have larger radii than the other nonmetal 
anions, and so do not form strong bonds with hydrogen ions in aqueous 
Solutions. Hydriodic and hydrobromic acids are almost fully dissociated in 
aqueous solutions. 

Doubly charged nonmetal ions, or singly charged ions with radii smaller 
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: i e of 
than Г or Br” ions, form stronger bonds with hydrogen ions. The degree < 


E А nim 
dissociation in the corresponding binary acids will therefore be lower tha 
hydriodic and hydrobromic acid. 


ў has 

Let us explain now why the hydrogen compound of — т: 

stronger basic properties than the hydrogen compound of phosp р ane 

Both substances dissolve in water to attach hydrogen ions and ; ie оров. 

excess hydroxide ions. Owing to the higher positive charge o es Биле) 
phorus nucleus (compared to the charge of the nucleus of the nitrog 


D A ss d er than 

the ability of phosphine to attach the positive hydrogen ion is weak 

in ammonia. 

i d wi 

? 1. Compounds of hydrogen with metals are nonvolatile, an 

^ nonmetals, volatile. Why? А water, 
2. Hydrogen evolves in reactions between metal ее and ionic 
for example: МН + H,O > LiOH + H, 1. id Ttion-reduction 
equation for this reaction and explain it as an oxidati ; 
reaction. р harge О 
3. How does the strength of binary acids depend on (а) the ER is, 
the anion and (b) its radius? Which of them are strong? 
the strongest? " ; sodium 
4. Test tubes contain equal volumes of sodium а which 
selenide solutions of the same concentration (in mole/ hi her? (First 
solution the concentration of the hydroxide ions is hig 
write equations for hydrolysis of the salts.) 


А t acids. 
5. Unlike ammonia, phosphine PH, reacts only with stronges 
Explain. 


А al for- 
6. Use the symbol Nm to designate nonmetals and write gener 


тоир, 
mulas of hydrides of nonmetals of (a) VIIth group. (b) Vh е 
(c) Vth group, and (d) IVth group of the periodic system. 


idation 
of which group exhibit (a) the highest and (b) the lowest ox! 
number? 


f (а) 
7. What properties are common to hydrogen compounds о an 
nitrogen and phosphorus, the nonmetals of group V, (b) са 
Silicon, the nonmetals of group IV? onounced 
8. Which hydrogen compounds of nonmetals have most m ve mos 
acid properties in aqueous solutions? Which of them ha 
pronounced 


1 s t | ions 0 
basic properties? Give equations for the react 
these compounds with water. 


— 
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General Properties of Metals 


fhechanical Man cannot live without machines now. Some of them perform simple 

И operations and substitute for the weak muscles of man, others do very precise 

Jobs that man can never do himself. Electronic machines (computers) substitute in many 

Cases for the human brain. The greater the number of machines that are produced 

апа usefully applied, the faster industry, transport, and agriculture develop and the 
igher the efficiency of labour. But all machines are made of metal. 

Most chemical elements are metals and are contained in all groups of the 
periodic table. The first three groups consist solely of metals, except for hy- 
drogen in the first and boron in the third group. Metals are contained not 
only in the secondary subgroup but also in the main subgroups of groups 
IV, V, VI, and УП. All chemical elements in the secondary subgroup of 
Broup VIII are metals. 

It should, however, be remembered that many chemical elements, which 
would normally be referred to as metals, also have nonmetallic properties. 
However, the latter are not so pronounced as metallic properties. 

We have already had a general acquaintance with metals. Now we shall 
discuss them in more detail. 


5.1 Structure of Metals 


Particles in metals in the liquid and solid state are connected 

together by chemical bonds that are not yet known to us. In 
order to explain how these bonds arise, remember that typical metals are 
characterized by a small number of electrons in the outer layer of their 
atoms, and relatively low energy is required to jonize them. 

During condensation of metal vapour the atoms approach one another, 
and their outer electrons become shared by all atoms in a given piece of 
metal. Positive ions of the metal (cations) are held together by their bonds 
ы all freely moving electrons in the metal. This is called metallic bonding 
(Fig. 5.1) o 

The metallic bond in certain respects resembles a covalent and an ionic 
bond, but it also differs from both of them. The similarity to covalent 
bonding is that it is also associated with the sharing of valency electrons 
between atoms. But in metallic bonds, valency electrons bond together all 
atoms in a given piece of metal, while in covalent bonds they are shared by 
only two atoms that are thus united. 

The presence of ions accounts for similarity of metallic and ionic bonds. 
But positive ions in metals are held by freely moving electrons while in 


97 
7-895 


Fig. 5.1 Schema 


tic diagram of a metal 
crystal 


Substances with 


lonic bonds these 
Metallic bondi 


ions are attracted to mne s 
ng occurs in solid and liquid metals. Solid ШЕ ‘lattices 
Crystalline substances, Their crystal lattices are similar to кош ем 
except that only positively charged ions are located at the points 

lattices, 


: is type 
- Iron, sodium, barium, for example, have th 
of crystal lattice, 


——————  —— 


l. Describe the structure of metals and the nature of metallic 
à bonding. 

2. If a metallic rod moving at a high speed is stopped suddenly, 
а negative charge arises for а short time at its leading end and 
à positive charge at the trailing end. Explain the phenomenon. 


9.2 Physical Properties of Metals 
The inner structure of metals accounts for their characteristic 
physical properties. 

1. Ductility. When а piece of metal is deformed (its shape altered 
Mechanically), ion layers are displaced relative to one another. A fracture 
does not occur because the bonding electrons have also been displaced 
accordingly and continue bonding the displaced ions. 

2. Electrical conductivity occurs because of free movement of the electrons 
ош the entire piece of metal since none of them belong to any particular 
atom, 

3. High heat conductivity. The same electrons mainly account for the 
transfer of heat from one part of metal to another. Electrons account for the 
Specific optical properties of metals, viz., metallic lustre and opacity to light. 

* can identify metals and their alloys by their lustre. Metals shine 
pecause they reflect light from their surfaces instead of absorbing it like soot 
carbon) or letting it pass through them like glass. | | 
metai дезепвед Properties are manifested in diflerent ways in various 
its ‘ise he metallic lustre, for example, is very characteristic of silver (hence 
our “te the manufacture of mirrors). When we look in a mirror we гу ке 
the бо reflected from the thin coat of silver applied to the back surface o 
mane Is the first among other metals with respect to its ee 
Copper WIN Next follow copper and aluminium. But Silver is не ү 
Conve ae aluminium are therefore used to make electric wires. per : 
Beherated SET hundreds of kilometres from power stations У 46 
Wires, *d. The distribution of electricity is done via copper and alumi 
T ne electrical conductivity of other metals varies within yery E ar 
Silver. s “ctivity of tungsten, for example, is 340 times worse than | dr 

ey a ndustry also needs metals with moderate electrical conductivities : 
are used in the manufacture of electric heaters. | Р 
"cs filament of an electric bulb becomes hot because of its paene ies 
the 1С Current passing through it. The metal used to make filamen pe 
теГоге have а low electric conductivity. Tungsten is now. mainly use! 

© purpose, 

Sondu conductivity of metals is proporti 

, СНУЦУ. All metals are therefore arranged by t cor : 
< same Series in which their electrical conductivity decreases: silver, copper, 


aluminium, etc. 


onal to their electrical 
heir heat conductivity т 


99 
5.2 Physical Properties of Metals 


Zn 


Cu 


w 


Fig. 5.3 Eight metals are used in the 
ШШЕ of an electric bulb 


Ductility is the s 
when we strike th 


3 jn 
$ vary within very wide range, from 0.5 g/cm 
in osmium. M. 


ght metals. Ma 
light metals used in c 


transportation equipment: 
aircraft. Air friction at 
become Уегу hot. The stren 


"com у é : d itanium 
with increasing temperature and at its melting point becomes zero. Tita 
is characterized by a high 


aluminium allo 


A al sheets 
Supersonic speeds is so high that the metal s 


metals, which 
The melting point а Leer 
iffers in various metals and is especially strong in hea 6 
imate layers аге filled with electrons. These metals a 
high-melting and hard. 


limits as well: from — 39°C E 

Ty is the only metal which is een 
under normal conditions and ig therefore used in measuring instruments 
Tungsten is used whenever high tem 


5 г 
Peratures have to be withstood. [0 
example in filaments of electric bulbs (Fig. 5.3). 
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The hardness of metals differs as well. The alkali metals are soft as wax, 
While the hardest metals, e.g. tungsten and chromium cannot be worked by 
hardened files. 


—————————————— 


? 1. What are the general physical properties of metals? Explain them 
from the standpoint of the theory of metal structure. Name metals in 
which a given property is most pronounced and give examples of 
practical uses of these metals which depend on this property. 

A 2. Which is the lightest and which is the heaviest metal? Which 
metal has the lowest melting point and which the highest? Which 
metals are the softest and which the hardest? 

3. Give examples of uses of (a) tungsten, (b) mercury, (c) copper, 
and (d) silver in household articles. What physical property of each 


metal accounts for its use? 


5.3 Chemical Properties of Metals 


The atomic structure of metals accounts not only for their 
physical properties but for their chemical properties as well. 
However varied the chemical reactions of metals may be, they all are 
Oxidation-reduction reactions of two types: addition and substitution 
reactions. In all chemical reactions metals give off their electrons, i.e. act as 
Teductants and exhibit only positive oxidation numbers. 
In the general form this can be expressed as: 


Me? — né > Ме" 
Where Me? is a metal as a simple substance and Me"* is the metal in 


à chemical compound. А 

One might suppose that metals can give off their valency electrons to the 
atoms of nonmetals, hydrogen ions, ions of other metals, and will therefore 
react with nonmetals (simple substances) water, acids, and salts. But the 
reducing power differs in metals. Moreover, the oxidizing power of the 
Substances with which metals react differs as well, hence the conditions under 
Which a particular reaction occurs are therefore very important. Whether or 
not a given metal will react with a particular oxidant, and what products will 
be formed during this reaction, will depend on the reaction conditions. Most 
metals burn in oxygen at high temperatures: 

42 
2Mg°+ О; —2Mg Hg 
However, silver, gold, platinum and some other metals are not oxidized in 


these conditions. ini 
Most metals react very actively with the halogens. Aluminium, for 


example, burns in bromine at room temperature: 
me | 
2A1°+3Br9 =2Al “Bry 

All metals, except gold, combine with sulphur. Active metals react with 
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F : ur: 
sulphur with explosion. A copper wire becomes hot in sulphur vapo 
2d 
Cu? +59 2 Cu?*s?- 


Some metals react with water to give the corresponding hydroxides. The 
alkali and alkaline earth metals г 


eact very actively with water under normal 
conditions. The general diagram of this reaction is as follows: 
Me? + HOH 3 Me"*(OH), + H,t 

Other metals react with water 
with boiling water, 
in these reactions, 

If a metal reacts with an acid 

When a metal reacts with a b 
ions which are present in this 
à reaction is as follows: 


: : reacts 
at higher temperatures. Magnesium aee 
and red-hot iron with steam. Metal oxides are obtai 


, it becomes a part of the salt obit 
inary acid, it is oxidized by the hydiobe a 
solution. The net ionic equation of su 


Me?  nH* > Mert +H 
Anions of oxyacid: 
oxidizers than the 
silver, which cannot 
nitric acids. 
nl we shall establish which metals can react with solutions of acids ОГ 
salts. 


ны л онь арнай 


1. Characterize the general i i tals. 
P chemical properties of meta sid 
* Describe schematically a reaction between а metal a 
detonmetal. Use the Symbol Me for metal, Nm for nonmetal, а 


i Saat Я ће 
esignate the oxidation state of the metal as n+, and that of t 
nonmetal, m —. 


: f - ur, 
. Write equations for reactions between (a) aluminium and sulph 
(b) barium and 


er 
Water, (c) zinc and hydrochloric acid, and (d) cOpP 
and concentrated 


21 


ааа r 
s (concentrated sulphuric and nitric acids) are stronga 
hydrogen ions. Some metals, for example copper А 
be oxidized by hydrogen ions, react with sulphuric а 


Electrochemical Series 
Ifa piece of соррег (a coin or a wire) is placed in a solution 
of any salt of i 


alt. However, place a ig be 
5 ^ wi 
readily deposited as а red ех Copper salt, e.g. CuSO,: copper 


2 
Cu MI 
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The reacti ae 
copper te acon in the transfer of electrons from the iron atoms to the 
mors readily ias ан copper because its atoms give off its electrons 
electone, ihe ed, = copper atoms. The easier the metal atom gives off its 
copper. ctive the metal. Iron is more active chemically than 
If a dro " 
Teaction sor cre d 19 placed. in a copper(II) sulphate solution, no 
ТЕ on: the cont. ercury does not displace copper from solutions of its salts. 
4 solution of = a piece of copper (e.g. a copper plate) is placed in 
immediately | mercury salt, e.g. Hg(NO3)2, the copper plate will 
Metallic mercu come coated with mercury (which will look like silver). 
was formerly xd M be deposited on the copper surface. The solution, that 
hydrated сор СП) iom turns blue, the colour being characteristic of the 
per(II) ions. Copper displaces mercury from its salts: 
2: 
The г На? Cub Cu! Наг+0 
eactio эй - 
the Strom pes in transition of the electrons from the copper atoms to 
active than. Шеге. eing less chemically active than iron, copper is more 
e substitution c 
transition of iae of one metal for the other metal in salts consists in 
less active metali Ton from the more active metal (which substitutes for the 
replaced. These r toward the ions of the less active metal which is thus 
a solution of its ла are irreversible. If metal A displaces metal B from 
its salt alt, metal B will not displace metal A from the solution of 
he Russi 
ian i 

decreasing che Пе N. Beketov arranged all metals in the series of their 
from their dm pan epi in reactions where they displace one another 

. This series is known as the electrochemical series, and is 


Ca, Na, Mg, Al, Zn, Cr, Fe, Ni, Pb, (H), Cu, Hg, Ag, Pt, Au 
the metals, which 


Any met 
al that stands in the series to the left will displace 
laced itself by the 


follow i 

it fr i 

metals that c solutions of their salts, but can only be disp 

Hydrogen Vip before it in the series. 

Shares one s the only nonmetal that stands in the е 

Positive tos ee common to the metals, vis., 

Salts and cán eee can therefore also displace some m 
itself be displaced by many metals in acids: 


Zn + гна = ZnCl, + Ht + 0 


lectrochemical series. It 
the ability of forming 
etals from their 


The joni 
io Р 
nic equation for this reaction is 
rey 
Al Zn? 4-2H*— Zn?*- H1 +0 
алран = coming in the elect 
Соррег, q tom acid solutions, while all t 
Ше сс not displace it. 
Without (sra of displacement of one metal by another 
ging in contact the displacing metal with the so! 


rochemical series before hydrogen 
he metals that follow hydrogen, ©. & 


can be realized 
lution of the salt 
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Fig. $4 Voltaic cells: 


a -zinc-lead cell; b 


~aluminium-copper cell 


2 
Zn? +Pb*= 7124. Photo in solution 
Zinc will dissolve in the right-hand compartment, i.e. it will pass in о into 
as the Zn?* ion, Electrons that are eliminated from the zinc atoms pas 
the lead plate throu, 


я j ion. 
gh the wire. The ions of lead, contained in the solution, 
Will be attracted to the 


x inc 
Plate and will capture the electrons furnished Mons 
to turn into electrically neutra] lead atoms. The lead plate will soon will 
with new layers of metallic lead. The anions of the acid residue 
Pass through th iti 


ight 
n from the left compartment to the rig 
Опе. The number of cations will 


г 
$ of a cell will be the greater, the ДЕ 
Separated in the electrochemical ser 
Ó— 


ing 
> тер!асе by pure water. OW ч 
of ions d он), water virtually does по 
he electric circuit shown in Fj i 
and the voltaic cel] would 


К -4 will thus remain broken, 
Dot work. The picture will be the same if we replace 
Porous membrane by a solid one. 
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Fi 8 5 
m 5.5 Measuring electrode potentials: 
Taine; 2-iron; 3- nickel; 4 lead; 5- copper; 6 silver 


А device intended to measure the voltage that arises across the poles (the 
electrode potential) is shown in Fig. 5.5. The figure also shows strips of 
Paper, impregnated in solutions of salts of various metals and placed on 
а glass plate. Metal plates are placed on top of each paper impregnated with 
the salt of the appropriate metal. A long strip of blotting paper is placed 
across the ends of the shorter strips, the long strip being impregnated in 
а solution of any electrolyte you may choose. When we touch any two metal 
Plates with the wires leading to the voltmeter, the pointer of the instrument 
Will deviate to indicate the voltage between them; the deviation being the 
Bfeater, the farther the given metals stand from each other in the 
electrochemical series. The metal plates, and hence the paper strips 
'mpregnated in the solutions of their salts, are arranged in the experiment In 
the order im which the metals come in the electrochemical series. , 
Voltaic cells employing other types of oxidation-reduction reactions are 
also possible: the reaction of oxygen combination with hydrogen can also be 


used in а voltaic cell: 
rte 
2H, +0, = 2H,0+0 | 
вые "s now make a voltaic cell, Use a piece of aluminium, а ресе uf aner Ид 
lons, viz, copper sulphate and sodium chloride solution, a d 


а vessel se d brane. 
Separated into two chambers by a porous memores. ill react 
wi: Sing the electrochemical series, let us find which of te селоны unen is 
moe of the two available electrolytes by the substitution ine c | 
Ma and the electrolyte is the solution of copper SUP E lution in separate 
chambers o^, Piece of aluminium and the copper sulphate S 
е vessel. : er 
elect; Complete the voltaic cell by placing the other metal et er Me Aa 
The devig Maci in the chambers of the vessel and connecting the те 
ce thus assembled is shown in Fig. 5.45. —M in sodi 
chlorid, right-hand chamber of the cell will contain aluminium inimersed in metallic 
Coppa Solution where it will dissolve to give its ions to the pare 
T will precipitate on the silver surface in the left-hand chamber. 
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; ч in the 

Whether a metal can be found € a on ea i a fud in 

its compounds can be establis ed from i с бе 

Пе E series. Metals coming рө Ge у 5 thé 

Earth's crust only as their compounds. Metals coming afte Ly Peur dH 

electrochemical series, і.е. copper, mercury, and silver, pub in tiir 

nature as their compounds but they can also (in rare cases) be iu gold Sud 
native (free) state. The metals which complete the series, i.e. 


i i i i ases in the 
platinum, occur mainly in their native state and only in rare case: 
form of their compounds. 


ye велики = шя 


^ У silver. 
? 1. The following are given: aluminium, tin, copper, eA the 
| and the solutions of their salts. Write ionic equations о salts. 
reactions that can be realized between given шеш an coppet 
A 2. A vessel with a porous Partition, a Piece of zinc, coa as given. 
wire, hydrochloric acid and zine chloride көл doi these 
Following the pattern in Fig. 54, make a voltaic eet ви if 
materials and write ionic equations for the reactions us кусап the 

both compartments of the cell. What is the difference be 


^ А | : erator an 
results of this reaction when carried out ша Kipp generat 
those of the reaction in a voltaic cell? 


| Я 9 
3. What energy conversions take place in a voltaic cell? 


5.5 


Electrolysis 


ad | 
The electric current arising in a closed circuit of a vitam 
is the result of chemical reactions occurring in the "P ede 
now see what happens when electric current is not generated by a oe attic 
reaction, but on the contrary, a chemical reaction is induced by an ele 
current. А 
Remember that in order to reduce a chemical element we must == 
electrons to its atoms Or ions, and that in order to oxidize a chem ion 
element, electrons must be eliminated from its atoms or ions. Both reducti 
and oxidation can occur 


: Ө я the 
not only in chemical reactions but also due to 
action of an electric current. 


Р e 
Place copper(II) chloride solution into a U-tube (Fig. 5.6) and immerse th 
carbon electrode in each 


| о 
end. Connect the electrodes to the peg К 

а storage battery: red соррег will precipitate on the cathode and 
chlorine will evolve at the i 


CuCl, = Cu + Сї () 
s point of the theory of electron? 
А storage battery act: it pumps electrons from ОЛ! 
г. The electrode from which the electrons are Dae р 
iti ode. Meanwhile the electrod: 
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Fig. 5.6 Electrolyzer 


Copper(II) chloride dissociates in the solution into copper(II) ions and 
chloride ions: 
CuCl, = Cu?* + 2217 (2) 


The random motion of ions becomes orderly when an electric current 
Passes. Positively charged copper ions move towards the negative electrode 
(cathode), while negative chloride ions move toward the positive electrode 
(anode). When copper ions reach the cathode they take electrons from it, i.e. 
become reduced to neutral copper atoms: 

Cu?* + 26 = Сш (3) 
.. Copper metal is deposited on the cathode surface. (The same will happen 
if any soluble copper salt is substituted for copper(II) chloride solution.) 
Chloride ions reach the anode to give off one electron each. By this process 
they are oxidized and turn into electrically neutral atoms which combine in 
Pairs to form chlorine molecules 

2Cl- — 26 = 220, CP + CP = Cl, (4) 


(The same will happen at the anode if any soluble chloride is substituted for 
Copper(II) chloride solution. 

If we xA put together att left-hand parts of equations (2), (3) and (4) and 
then all their right-hand parts, and delete the recurring members from the 
resultant equation, the overall equation (1) will be obtained. (Check this.) 

Oxidation-reduction reactions induced by electric currents are called 
electrolysis, i.e, decomposition by electricity (cf. hydrolysis and pyrolysis). 
The passage of electric currents through solutions or melts of electrolytes is 
always associated with electrolysis: reduction occurs at the cathode and 
Oxidation at the anode. р 

The amount of energy required to discharge metal ions at the cathode 
depends on the position of the metal in the electrochemical series: the more 
to the right the metal stands in the series, the lower the energy required to 
reduce it. If the electric current passes through a mixture of electrolytes, the 


5.5 Electrolysis 107 


metals are reduced in the order reverse to their arrangement in the 
electrochemical series. If a solution contains cations Cu2* and Ag^. and if 
the solution is acidified, metallic silver will first be deposited at the cathode 
„and then the copper will be deposited on silver. The hydrogen ions will be 
discharged at the cathode only after all Ag* and Cu?* ions have 
disappeared from the solution. 

Let us electrolyze a solution of potassium iodide in the U-tube. Immerse 
the electrodes in the solution, and add phenolphthalein to the cathode end of 
the U-tube and starch solution to its anode end. Pass an electric current 
through the solution: the cathode becomes covered with gas bubbles. This is 
hydrogen. The solution at the cathode will turn crimson to indicate the 
presence of an alkali, probably potassium hydroxide KOH. The solution 
near the anode will turn blue to indicate the liberation of free iodine. The 
electrolysis of potassium iodide solution gives three products, viz., hydrogen 
and potassium hydroxide which are liberated at the cathode, and free iodine, 
which is evolved at the anode. 

During electrolysis of copper(II) chloride metal (copper) is liberated at the 
cathode, while in the last case when we electrolyzed potassium iodide 
solution, hydrogen and not the metal (potassium) was liberated at the 
cathode. Why? 

Let us consider the following reactions (their equations are numbered) that 
occur during the electrolysis of an aqueous solution of potassium iodide: 


2KI = 2K* + 2I- (I) 


cathode anode 
} { 
2K* 2I- — 26 = 219 (III) 
2H;O = 2H* + 20Н- (II 
2H* + 2e = 2H? (у) 20 = I, (IV) 
2H? = Н, { (VI) 


. therefore oxidized at the anode 
(IIT), giving off their electrons. Th mad | 

e lib $ 
to form 1, molecules (v) iberated iodine atoms combine in pair 
108 
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According to the position in the electrochemical series, hydrogen ions 
accept electrons easier than potassium ions. Potassium ions that move to the 
cathode during electrolysis will therefore accumulate at the cathode but will 
not discharge. Hydrogen ions will capture electrons at the cathode (V), i.e. 
they will be reduced. Hydrogen atoms will then combine in pairs to form H, 
molecules (VI). The concentration of hydrogen ions in our solution is very 
low, but it does not decrease at the cathode because new water molecules fall 
into H* and ОН“ ions immediately and the Н* ions are therefore 
constantly discharged at the cathode. The hydroxyl ions are accumulated 
simultaneously at the cathode. If we now put together all left-hand parts and 
separately all right-hand parts of equations I through VI, and then delete the 
recurring members, the following overall equation will be obtained: 


2KI+2H,0= H,+2KOH +1, 
rie aR eis) 
at the cathode — at the anode 


Acid residue ions will be oxidized at the anode during electrolysis of 
aqueous solutions of binary acids and their salts (except HF), and the 
hydroxyl ions during electrolysis of higher oxyacids and their salts. 

The following conclusions can be drawn from what has been said: only 
electrolytes soluble in water, or molten electrolytes can be electrolyzed. The 
electrolysis of electrolyte solutions is easier than that of their melts because 
electrolytes (salts and alkalis) melt at very high temperatures. But not all 
elements can be obtained in the free state by the electrolysis of aqueous 
solutions of their compounds. The alkali metals, for example, cannot be 
obtained by this method. They are obtained by the electrolysis of their melts. 


? 1. What processes occur during the electrolysis of aqueous solutions 
of (a) hydriodic acid, and (b) potassium chloride? 
А 2. А steel object and a carbon rod were immersed in a solution of 


nickel(II) chloride NiCl,. The steel object was connected by a wire 
to the negative pole of a storage battery and the carbon rod to the 
positive pole. The steel object became coated with a layer of nickel. 
What reactions occurred during electrolysis of nickel chloride 
solution? What is the practical result of this electrolysis? 

3. Three valuable products are obtained in industry by electrolysis 
of an aqueous solution of sodium chloride. What are these products? 
Draw a diagram of the electrolysis using the diagram for the 
electrolysis of potassium iodide as a pattern. 


5.6 Practical Uses of Electrolysis 


Much of the energy produced at electric power stations is 
consumed by chemical and metallurgical industries. 

Most active metals (e.g. the alkali metals) and also most active nonmetals 
(the halogens) occur in nature only in the form of their compounds in which 
metals are present as positive ions (cations) and nonmetals as negative ions 
(anions) In order to isolate the metal from these compounds the missing 
electrons have to be given back to its ions, and in order to obtain the 
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nonmetal, excess electrons must be taken from its ions, e.g.: 
Ма“ + ё = Мао, 
2F — 2€ = 250, F = Е, 


This can be done by electrolysis. Electrolysis is the only method by x 
fluorine can be isolated in the free state and the only advantageous methox 
by which most chemically active metals can be obtained. Electrolysis | т 
therefore used in industry to prepare fluorine, chlorine, and most activ 
metals, including aluminium. | 
Electrolysis is also used for electroplating (chome- and nickel-plating). Е 
that end an article to be plated with nickel or chromium is placed in a = 
containing a solution of the corresponding nickel or chromium compound, 
and the article is connected to the negative pole of a source of direct current. 
The article is kept in the bath until nickel or chromium coat of the required 
thickness is deposited on its surface. This treatment improves the appearance 
of articles (the surface has a yellowish tint in nickel-plated articles and 


a bluish tint in chrome-plated articles), and also protects them from 
corrosion. 


Electrolysis is used to deposit metals on articles with intricate shapes. The 
deposited metal is then re 


moved and an accurate imprint of the article is 
thus obtained, Obtaining relief by electrolysis is called galvanoplastics. This 
technique was invented by the Russian scientist S. Yakobi. 


^ Describe 


some of the practical uses of electrolysis that you know. 
5.7 


Alloys 


yed with copper in jewelry. 


\ soli t cases. They are called so because after 
their crystallization from a melt, th 


© ions of various components remain 
Were in the шей. 


lattices are identical, substitutional solid solutions are formed in which ions of 
one metal are partly replaced by the io 
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a У b 


Fig. 5.7 Replacement of metal ions in 
alloys (a); ions of one metal enter the 
interstices of the other (5) 


crystal lattice (Fig. 5.7a). Examples of substitutional solid solutions are 
alloys of copper with nickel (nickel silvers), and of copper with aluminium. 

If ions of one metal or atoms of a nonmetal in an alloy are significantly 
smaller than the ions of the other metal, an interstitial solid solution is 
formed (Fig. 5.7b) The smaller particles in such solutions enter the 
interstices formed between the positive ions of metal at the points of the 
crystal lattice during crystallization of the alloy. Steel, which is an alloy of 
iron and carbon, is an interstitial solid solution. 

Some alloys contain chemical compounds of their components in the form 
of inclusions. Such compounds in alloys are formed by magnesium and lead, 
magnesium and zinc, aluminium and carbon, iron and carbon, etc. 

Some metals form uniform alloys in the liquid state, but crystallize 
separately when the liquid cools. Their solid alloy is therefore a mechanical 
mixture of crystals of different metals. These alloys are very strong but melt 
at low temperatures. Solder consisting of tin and lead is such an alloy. 

Why do alloys have properties that are different from the original metals 
from which they are formed? 

An alloy would normally have lower electrical conductivity and heat 
conductivity than the metals in the pure state. This can be explained by the 
presence in the alloy of ions of different metals that interfere with movement 
of free electrons. Alloys are usually harder and less ductile than the original 
metals. This is due to the different sizes of ions of metals that form the alloy. 
The larger ions of one metal enter the crystal lattice of the other metal and 
tend to expand it while the smaller ions tend to compress it. In both cases 
à certain strain arises in the alloy that increases its hardness and decreases 
its ductility. 
st suo ngu, ARR RR 
? 1. Alloys rather than pure metals are used in industry Why? 


4 2. What types of alloys do you know? = "n ў | 
3. In what cases (a) substitutional and (b) interstitial solid solutions 


are formed in alloys? | | | 
4. In what cases alloys with the structure of a mechanical mixture 


are formed? 


5.7 Alloys 111 


iei ісе аіотіс 
5. Iron and chromium crystallize in the same lattice. The 


Е tty 
radius of iron is 0.13 nm and that of chromium, 0.13 nm. What type 
of alloy do they form? 


i tivity 
6. How do hardness, ductility, electrical and heat conducti 


А xplain these 
change in the transition from metals to their alloys? Explaii 
changes. 


— — кыс еске © 


5.8 Corrosion of Metals 


Articles made of metals or their alloys (except cx n 
platinum) are destroyed by air, atmospheric precipi fecti 
moisture of the soil, to form compounds stable to the environmental е tuos 
Metals in chemical apparatuses are attacked especially badly, because ae 
are exposed to the action of oxygen, acids, alkalis, and other aggre: 


: . vated 
media; moreover these harmful effects are often increased at ele 
lemperatures and pressures. 


The destruction of 
with the environment 

Corrosion impairs t 
time they become com 
metal structures and 
Protecting metals fro 
Service lives of machi 
the count 


metals and their alloys due to the chemical pun 
is called corrosion (from Latin corrodere to Ip 
he quality of metal articles and structures, and ОЁ 
pletely worn out and useless. With the growing use s. 
machines in industry, transport, and agriculturii 
m corrosion becomes especially important. rone 
res increases the economic potentia! 
uccessful march toward communi 
raordinarily important problem. But a 
Order to be successful in fighting corrosion, we must study this process ! 
detail. 
The corrosion of metals is an oxidation-redui 
metal atoms are oxidized to ions, e.g.: 
Fe — 26 = pg 
Си - 26 = си 


а ч ; e 
ction process in which th 


What promotes and what inhibits Corrosion? Let us establish this 
experimentally, 


, Поп is known to corrode under the action of oxygen and water. Place n 
iron nail in a test tube, add water to the 


pside d. 


will be as shown in Fig. 58. The 
is being tested in each 
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sodium chloride solution containing some sodium hydroxide). The judgement 
concerning the corrosion can be drawn from the volumes of spent oxygen 
(by the level to which the liquid rises in the test tube) and from the 
character of the corrosion product precipitated in solution. 

Compare the results of the experiment in test tubes 2 and 3. Iron was 
exposed to the action of the same solution, but in one case it was in contact 
with. copper. Corrosion occurred in both cases and brown ferric hydroxide 
Precipitated in both glasses, but the amount of rust in experiment 2 is 
smaller than that in experiment 3. The amount of oxygen consumed in 
experiment 2 was accordingly smaller than that in experiment 3 (the level of 
the liquid in test tube 2 rose insignificantly). Hence the corrosion of iron is 
increased significantly if it comes in contact with copper. 

Now compare the resulst of experiments in test tubes 2 and 4. The iron 
was placed in the same solutions but in one case it was in contact with zinc. 
Corrosion occurred in both experiments but in test tube 2 the precipitate is 


NaCl + NaOH NaCl solution 


solution 


Fe + Cu Fe + Zn Fe 
NaCI solution NaCI solution water 
Fig. 5.8 Metal corrosion 
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brown (rust) while in test tube 4 the precipitate is white and a great vn d 
it. It is zinc hydroxide and this means that zins, and not iron, corrode 1 
test tube 4. We can conclude that iron practically does not corrode when i 
in contact with zinc. oe 
в: = ~ of the corrosion by copper and its inhibition by zinc is 
explained by the formation of galvanic couples like those in voltaic cells. 
When iron comes in contact with zinc, a voltaic cell is formed in which the 
zinc is a more active metal and it will be oxidized into Zn?* ions, whereas 
the electrons eliminated from its atoms will flow towards the iron surface 
where the hydrogen ions, contained in the solution surrounding the metal, 
will be reduced. Hydrogen will either be liberated in the free state from the 
iron surface or its atoms will be oxidized into water by oxygen dissolved in 
water. The latter reaction is more likely to happen. 
When iron is in contact with copper, another galvanic couple is formed 
but the more active metal is now iron and it will be oxidized. The following 
reactions will occur in the solution that comes into contact with the metals: 


2H,0 е 2H* + 20H- 
on the surface 


of iron [оѓ соррег 

Fe? — 26 = Fe?* | 2H* +22=н, 
The reaction in the water film will be 

Fe?* + 20H- = Fe(OH), | 


Fe(OH), + O, + H,O > Fe(OH), | 
The corrosion of a metal increases shar 


less active metal, i.e. the metal to its right in the electrochemical series. But 
the corrosion is markedly inhibited 


if the metal comes in contact with 
a metal that stands to its left in the electrochemical series, i.e. a more active 
metal. 


Compare the results of experiments in test tubes 1 and 2. The addition of 
sodium chloride to water intensified the corrosion of the iron: a significant 


amount of rust was prod oxygen was consumed in the 
reaction. When sodium i 


ply if it is in contact with any other 
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metallic structures and dissolve.in the film of water that is present on them. 
The chloride ions then attack the metal. 

Now we can understand the measures taken everywhere to prevent 
corrosion. 

The greater the difference in the chemical activity of two contacting 
metals, the stronger the corrosion of the more active and the more effectively 
the less active metal is protected from corrosion. Copper parts should there- 
fore be absent in aluminium structures (see the position of aluminium and 
Copper in the electrochemical series) If this is unavoidable, the contact 
between these metals should be neutralized as much as possible by applying 
lacquers and varnishes to their surfaces. The protective action of more active 
metals on less active ones is utilized in the prevention from corrosion of 
underground pipe systems and in sea-going ships. Ingots of alloys of magne- 
sium or zinc which are quite active are attached to underground pipes and 
lowered into the sea water by sides of ships during long moorage. 

To prevent corrosion of metal articles, they are insulated from the 
environment by coats of lacquers, varnishes, lubricants, protective coats of 
other metals, etc. The protective coating should be stable to the action of 
a given environment, it should be sufficiently strong and adhere to the metal. 

In some cases the rate of corrosion can be significantly decreased by 
adding small amounts of reagents to the liquid environment, which would 
promote the formation of a protective film on the metal's surface; they are 
called inhibitors. Organic inhibitors are widely used. Adding them to hydro- 
chloric acid, for example, helps store and ship the acid in steel containers 
(instead of brittle carboys). Hydrochloric acid containing inhibitors is used to 
clean metal surfaces from rust or scale. Metal oxides are dissolved in it while 
the metal itself is not. In order to prevent corrosion, oxygen should be 
removed from boiler water. 
ры ee uu ры 


? 1. How will the corrosion process in experiment 4 change if we 
^ place a strip of zinc into the test tube so that it does not touch the 


nail? Explain your answer. | 

2. What methods do you know to control corrosion? 
дд 
ш 3. Make a list of household articles made of metals and their 


alloys. Indicate in each case the special physical property of the 
metal or its alloy that accounts for the use of this article. Do not 
forget mirrors, thermometers, or electric bulbs. Indicate cases of 


corrosion, if any. 
_ —————————————— 


Metals of the Main Subgroups 
of the Periodic System 


61 The Alkali Metals 


Let us continue studying separate chemical elements. m 
Shall begin with metals which have the most ite i 
metallic character. These are the alkali metals. They form the main subgro 


of group I of the periodic system. The atoms of the alkali metals contain one 
valency electro 


positive ions. Th 


The yellow colour of the flame 
compounds colour the flame pale 
wire should preliminarily be 


The calcined till it does not colour the flame 
yellow, i.e. until sodium compound, 


Fig. 61 Flame test Fig. 6.2 ‘Electric eye’: a section and 
a general view. 


Incident light beams are shown in solid and electrons 
knocked out from cesium, in a broken linc 


ions in the crystal lattice increases with increasing atomic radii to weaken 
mutual attraction of these ions. 


? 1. Characterize the position of the alkali metals in the periodic 
system and in the electrochemical series, describe their atomic struc- 


ture and chemical properties. 

A 2. Why and how does the chemical activity of the alkali metals 
change with their increasing atomic number? 
3. Characterize the general properties of hydroxides aud salts of the 


alkali metals. Я 
4. The Пате of a burning hydrogen jet is colourless if the gas-outlet 
tube is made of iron, and yellow if the tube is made of glass. What 
does the yellow colour of the flame indicate? 

5. Write down ionic equations for reactions between sodium and (a) 


water and (b) hydrochloric acid. — р 
6. Explain why the alkali metals, their oxides or hydroxides do not 


occur in nature. Salts of the alkali metals only occur. Where do they 
accumulate with time? Write ionic equations for reactions involving 
alkali metals, their oxides or hydroxides if these substances appeared 
in the Earth's crust. (Use sodium as an example.) 


6 2 Natural Compounds of Alkali Metals and 
Ы Their Uses 


Compounds of sodium and potassium are only abundant, 
while the other alkali metals are rare elements. The most important sodium 
compound is sodium chloride known as table or common salt. Sodium 
chloride is obtained in this country from salt lakes and from deposits. Bays 
and gulfs of seas separated in prehistoric times from the sea to turn into 
lakes, which then dried to precipitate salt. Deposits of rock salt were thus 
formed. 

Sodium chloride is the vital salt which we take with food. It was valued 
much in the past times; lack of salt was the cause of ‘зай mutinies’ and 
uprisings; lumps of salt were used as money in some countries. 
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d 
Sodium chloride is contained in all tissues of our body. In loch 
loss, and in diseases during which salts are removed from the bo аси ot 
ogical solution is administered. This is actually a 0.9 per cent s 
i hloride. | | _ 
ble por taken mainly with animal food, but its content is baie ТЕП 
fore we add salt to our food, especially to vegetable food. Anima P diee 
salt Wild animals lich salty soils. Salt is added to the feed o en 
animals. Table salt is used to can foods (to prevent putrefaction). om 
meat, fish, and vegetables can be stored for longer time because e 
contained in increased concentrations salt kills putrefactive ep = 
Large amounts of sodium chloride are used in chemical industry hd 
manufacture of sodium hydroxide NaOH, soda Na4;CO,, and other so 
unds. А 
idum RN and soda are important materials for the ve 
industry. They are used to purify petroleum products from acids, an fate 
convert vegetable and animal fat into soap. Soda is used in the manufac! = 
of glass; in the house it is used for laundry and other purposes. 


Common salt, soda, soap, and glass are amon 


8 the most important compounds of 
sodium that are used in everyday life. Sodium, t 


hat is contained in window glass, A 
T contained in the water of the ien 
А deposit of the salt was formed on the bottom of the ocean, and table salt а іса] 
i it. Table salt is taken by man with food or used at c other 
plants where it is converted i У converted into soap, glass, and mical 
consumer goods. Soda has become an important raw material for the che : 


ion of soda is only used as the finished product, while its 
n the manufacture of other products. 


mineral fertilizers, 
^ 1. Describe the properties and Specify the uses of sodium chloride, 
sodium hydroxide, Soda, and potassium salts. 

п 2. Think of the many important uses of sodium compounds. Table 
salt, glass, soda, soap, detergents, etc., are among these campour 
attach a small pi i ше 


the soap. 


Traces of sodium can be detected on our skin. Before washing 
hands, rub the calcined end 


the pin in the flame: 


3. Show diagrammatically the chain of conversions of table alt 
(described at the end of thi i i 


Ocean, into materials and 
to make the diagram g 
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б 3 General Properties of Elements of the Main 
ы Subgroup of Group 1 of the Periodic System 


| This group includes beryllium, magnesium, calcium, 
strontium, barium, and radium. They are called the alkaline-earth metals. 
The greatest similarity in the properties of these elements is found 
in calcium, strontium, and barium. Radium differs from all other alkaline- 
earth metals by its special property which is called radioactivity. 

The outer layer of atoms of these elements contains two electrons which 
are readily given off in chemical reactions. The oxidation number 2 + is 
therefore characteristic of these elements in compounds. 

The simple substances formed by the elements of the main subgroup of 
group II are typical metals. Compared with the alkali metals, they are much 
stronger in the solid state and melt at significantly higher temperatures. All 
alkaline-earth metals except radium are light. 

The simple substances of these elements react actively with nonmetals, 
water, acids. The properties of beryllium differ significantly from the 
properties of the other alkaline-earth metals. Beryllium is stable to 
atmospheric oxygen, it does not react with water, but reacts with alkalis. 

Except beryllium, whose compounds are amphoteric, all other 
alkaline-earth metals form basic oxides and hydroxides (bases). 


6.4 Magnesium 


The chemical symbol of magnesium is Mg, its atomic number is 
12, and the atomic weight 24. The diagram of its atomic structure is 


ө))) 

Magnesium is а silvery-white light metal melting at 651°С. At ordinary 
temperatures magnesium is protected from oxidation by an oxide film that is 
formed on its surface. When heated, this film is destroyed and magnesium 
burns with an intense white light to form white smoke which is actually its 
oxide uty 
2Mg+0,=2Mg0+0 
Magnesium nitride Mg,N2, which is formed during the interaction of 
magnesium with the nitrogen of the air, is admixed to magnesium oxide. 

Place magnesium shavings on a metal gauze and ignite them. Place the 
burning magnesium into water (Fig. 6.3): the flame is not extinguished but, 
on the contrary, is intensified. Magnesium burns in water vapour by 
combining with oxygen of the water: 


Mg + Ні*0?- = Mg*O^ + нет 


A pale flame of burning hydrogen can be seen over magnesium burning in 
the water vapour. Water becomes cloudy from particles of magnesium oxide 
that accumulate in it. Add phenolphthalein: the solution remains colourless 
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Fig. 63 Magnesium burning in water 
vapour 


for a while but then turns crimson. Magnesium oxide combines with water 
to form magnesium hydroxide 


MgO + H,O = Mg(OH), 


While magnesium hydroxide: dissolves Partly in water to dissociate into 
Magnesium ions and the hydroxide ions: 


Mg(OH), 2 Mg?* + 20H- 


This equation shows that equilibrium is established between the dissolved 
Mg?* and OH- ions and solid magnesium hydroxide. 
Unless magnesium burns, it does not react with cold water; but the 
reaction begins in boiling water 


22 
Mg +2H,0 = М8 (ОН), +Н +0 
Magnesium displaces hydrogen from acid solutions: 
Mg + 2на = MgCl, + H, 1 


It is a constituent of light alloys that are widely 
used in automobile and aircraft buildin 


& Various tools, and pe 
Mixtures of powdered magnesium with oxidants are used in pyrotechnic 


(flares), for illuminating Purposes (flash Photography), as igniting primers Ш 
incendiary devices, 
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6.5 Calcium 


The chemical symbol is Ca, its atomic number 20, its atomic 
weight 40, and the structure of the atom 


Mi 
fifi 

Calcium is a light silvery-white metal. In their chemical properties calcium 
and the other alkaline-earth metals are close to their neighbours in the main 
subgroup of group I, the alkali metals. This similarity is due to their atomic 
structure. The atom of the element standing in the main subgroup of group 
I differs from the atom of the neighbouring alkali metal in one unit of the 
Positive nuclear charge and a distinguishing electron in the outer layer. 

If we heat a piece of calcium it will burn with a brick-red flame and 
а white smoke, which actually consists of the finest solid particles of calcium 


oxide CaO: 
46 
2Са+0, =2Са0 +0 


When dropped in water, calcium reacts with it to turn into calcium 

hydroxide and to displace hydrogen from water: 
[2 
&+зй,о= Ca(OH), +Ht+@ 

Phenolphthalein colours the obtained solution crimson. This confirms our 
Conjecture about similarity of calcium to the alkali metals: like the alkali 
Metals it reacts with water to liberate hydrogen. Like hydroxides of the alkali 
metals, the hydroxide of calcium dissolves in water, i.e. it is the alkali. 

Calcium would normally be kept under kerosene because it can react with 
water vapour contained in the air. 


6.6 Magnesium and Calcium Compounds 
Higher oxides of magnesium and calcium have the general 
formula RO. In ordinary conditions MgO and CaO are 
colourless crystals or high-melting powders. The oxides of magnesium and 
Calcium readily react with water. When water is added to calcium oxide 
energy is evolved and the water boils. Lumps of calcium oxide adsorb water 
and swell (Fig. 6.4) to turn into loose powdered calcium hydroxide: 


CaO + H,O = Ca(OH), + Q 


In industry this reaction is known as slaking of lime, calcium oxide is called 
burnt or quicklime, and calcium hydroxide, slaked or caustic lime. 
Calcium oxide is prepared in industry by roasting limestone: 


CaCO, = Сао + CO,t - Q 
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Fig. 64 Lime slaking 


Oxides of magnesium and calcium 


i : i ith 
are basic oxides and they combine wi 
carbon dioxide to turn into carbo 


nates 
MgO + CO, = MgCO, + 0 


CaO + со, = CaCO, + 0 


The general formula of hydroxides of magnesium and calcium is R(OH)2- 


à T n т : Р it enters 
Magnesium hydroxide is a white solid sparingly soluble in water, it en 
exchange reactions with acids 


Mg(OH), + зна = MgCl, + до 


Mg(OH), + HSO, = MgSO, + 2H,0 4 
Calcium hydroxide is slightly soluble in water. Its aqueous solution is calle 
lime water. Calcium hydroxide in lime water 
a state of equilibrium 


; ide 
is established between precipitated calcium hydroxid 
and dissolved Ca?* and ОН- ions: 


Ca(OH), = Ca?* 


N іте. 
а. Тһе Suspension is called milk of T is 
ydroxide with water, into which san 


Ca(OH) + СО, = CaCO, | + H,O 


i ; : of 
Carbonates are practically most "portant naturally occurring salts 
magnesium and calcium. 
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Add phenolphthalein to lime water (the solution colours crimson). Now 
pass carbon dioxide from a Kipp generator: the clear solution first turns 
cloudy from precipitated calcium carbonate CaCO, which is insoluble in 
water: 


Ca(OH), + CO, = CaCO;, + H,O 
The ionic equation is 
Са2+ + 20H- + CO, = СаСО; {| + HO 


When phenolphthalein turns colourless, the reaction is completed. АП 
alkali is spent in the reaction and no OH ^ ions are present in solution any 
longer. 

Continue the experiment. Pass carbon dioxide again: cloudiness vanishes, 
which indicates that calcium carbonate has turned into a soluble compound. 
What is the composition of this new compound? A 

Carbon dioxide combines with water to form carbonic acid: 


CO, + H,O æ H;CO; 
The acid reacts with calcium carbonate: 
CaCO, + H,CO, = Ca(HCOj) 


A water-soluble calcium bicarbonate is formed and the solution thus 
becomes clear. The ionic equation of this reaction is 


CaCO, + H,O + CO, = Са?” + 2HCO; 


When magnesium carbonate reacts with water saturated with carbon dioxide, 
the former dissolves to give magnesium bicarbonate 


MgCO, + H,O + CO, = Mg(HCOs), 
The ionic equation for this reaction is 


MgCO, + H,O + CO; = Mg* + 2HCO; , 
Heat the obtained solution of calcium bicarbonate: it turns cloudy again 


prone the reverse reaction occurs, during which calcium carbonate is 
ormed 


„СО! 

Са(нсо у; = CaCO;| + НСО: 
м 

H,O 


Magnesium bicarbonate decomposes by the same mechanism. Р 

The above reactions are very important іп nature. Rain water dissolves 
Carbon dioxide contained in the air, passes through the soil and reacts with 
lime to dissolve it as the bicarbonate. This reaction is especially frequent in 
limestone deposits. When such water emerges to the surface it evaporates to 
Precipitate calcium carbonate. As a result, beautiful icicles, known as 
stalactites, are formed in caverns which hang from their roofs (Fig. 6.5). 
. In addition to calcium carbonate, gypsum Са5о,- 24,0 is another 
important calcium salt, When heated moderately, gypsum liberates 3/4 of 
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Fig. 6.5 Stalactites 


; um 
crystallization water and turns into a white powder of semihydrate вурѕ 
2CaSO,-H;O 


ACaSO,-2H,O) = 2CaSO,-H,O + 2H,O 
" rs: 
When this powder is mixed with water, the reverse reaction occu 
2CaSO,-H;O + 2H,0 = 2(CaS0,-2H,0) 


Е 4 T i ncy) 
A mixture of semihydrate gypsum with water (of paste consiste 
hardens in air for which i 


the 
l. Compare the Properties of calcium (in the free state) and he 
rf F х n t 

A alkali metals. Give i i 


ith that 
2; Compare the properties of magnesium (in the free state) sm pto 
of calcium. Which of their properties are similar and whic 
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8. What changes does slaked lime undergo in newly built houses 
and why do new houses remain 'damp' until these conversions are 


completed? 
9. Write equations for the reactions by which the following 


conversions can be realized: 


pe > MgCl; 
' | 


Mg(OH), ^ MgSO; 
Specify the necessary conditions for each reaction. 
10. Write the reaction equations for the following conversions: 
CaCl, + Ca + CaO > Ca(OH), + CaCO; > 
— Ca(HCO;), > CaCO; > CaCl, 
Specify the conditions for the reactions. 
11*. Chemical elements A, B, and C are given. A compound of 
A and B dissolves in water and litmus turns blue in the solution. 
A compound formed by all the three elements is insoluble in water, 
but becomes soluble if a compound of B and C is added to it 
simultaneously with water. Name the elements А, B and C, and the 
compounds that they form in our problem. Write the corresponding 


reaction equations. 

12*. How will luminescence of a lam 

dioxide is passed through lime water 
————— M — —— 


6 7 Magnesium and Calcium Compounds in 
E Nature and Their Uses 
А Magnesium is а part of very тапу minerals, among which 
the main are magnesite MgCO;, dolomite МЕСО; · СаСОз, and carnallite 
KCI: MgCl, -6H,0. 
agnesite and dolomite are used in the manufacture of refractory 
materials, and also for obtaining free magnesium. 
Carnallite can be the source of free magnesium as well, but it is also used 
as a fertilizer which is added to soil to furnish magnesium and potassium to 
plants. Magnesium is contained in chlorophyll and is involved in 
Photosynthesis, 
иа is the most abundant element of the second group. Being an 
ici е metal, calcium occurs in nature in the form of its compounds 
E C'usively. Its mineral calcite СаСОз is one of the most abundant in the 
oe crust. It occurs sometimes in the form of crystals, but is mainly as 
‘mestone, chalk, and marble. 
а ы is mostly soft porous natural material composed of the cal 
eich of marine organisms (Fig. 6.6). Limestone 1s harder and its granular 
ee ure is not apparent. Marble has crystalline, and granular structure; its 
Ure resembles that of sugar. Limestone is contained in some soils 
hh as calcareous soils). Sometimes the limestone content in soil is so 
а Ша if hydrochloric acid is poured on the ground it ‘boils’. (Why?) Gyp- 
eposits are also abundant. Gypsum is very soft and can be crushed by 
© pressure of a finger nail. Calcium compounds are contained in plant and 


p (Fig 1.2) change if carbon 


lcareous 
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: 7 : 1 
Fig. 6.6 Chalk viewed in а microscope Fig. 6.7 Pipe section of hot water supply 
System. 


The lumen is almost completely closed by scale 


animal tissues. The concentration o 
component of the bones is about 80 
Calcium compounds are widely us 
make the construction materials, burn 
manufacture of rubber and dyes. 


Е x j S NT ; ; in 
Limestone, lime, and lime-containing industrial wastes are widely used 
agriculture to decrease aci 


2 5 А а1 
dity of soils and to improve its structur 

characteristics, 

D 


И P E = Е i ium 
ш Collect materials that in your opinion might contain ES in 
carbonate and try them with vinegar solution of acetic aci 


water). Try also the shell of an egg, a piece of scale from your tea 
kettle, and tooth cleaning powder. 


i i 1 

f calcium phosphate in the minera 

per cent. | " 

ed everywhere. Limestone is ae О 
t lime and cement. Chalk is used in 


1. What are the alkaline-earth metals? Why these metals are not 
used in the manufacture of any articles? ical 
2. What regularities can be established in the change of the свети, 
Properties of metals in the main subgroup of group II with t 
increasing atomic numbers? 

3. What metal in this sub; 
Pronounced metallic ch; 


>~ 


group has more pronounced, less 
| aracter? How does this manifest? ium 
4. Write the ionic equation for the reaction between magneslu 
nitrate and lime water. 


танина 
6.8 


Hardness of Water and Ways to Remove It 
Before natural wate 


ог into а well, it p 
with soluble salts. 


Natural water contains sulphates ап 
magnesium, ie. Ca?* and Mg?* 


т is delivered to the water-supply с зе“ 
asses through soil and becomes satura 


х а 
d bicarbonates of calcium ac 
cations and SO2- and НСО; anio 
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ү. "-—— 

bg sontaming insignificant amounts of Ca?* and Mg?* ions is called 

Whee jd ves тут are contained in large amounts, water is called hard. 
ard water boils, bicarbonates are deco i 

TE codice k composed to form insoluble 


Ca?* + 2HCO; = CaCO,, + HO + CO,1 


m up opi precipitate and water hardness decreases. Hardness of water 
removable „ре of bicarbonates of calcium and magnesium is called 
calcium d» = отату. Hardness due to the presence of other salts of 
Bümaitent. gnesium, which cannot be removed by boiling, is called 
"ns ts hop oe рел, forms lather while a hard water does not. Let us try 
water. Place "p e soft water. Take a solution of gypsum to imitate hard 
(portion by po кз ute solution of soap into a burette and add it gradually 
portion. Tu Шо) to hard water, shaking vigorously after adding each new 
precipitate aps portions of soap will be spent to form а flake-like 
discontinues, the А lather will be produced. As soon as precipitation 
Soaps ее. solution begins foaming on shaking —— | 
compostion са ium (sometimes potassium) salts of organic acids and their 
acid residue к conventionally be expressed as NaR or KR, where R is the 
insoluble salts CR. R react with calcium or magnesium cations to give 
form these in “ir 2 and MgR,, First portions of soap are thus wasted to 
ardness of Y uble salts. Using a soap solution we can estimate the total 
че. b er, the total content of calcium. and magnesium ions in it. 
during boilin WE for domestic use should be insignificant. Scale is formed 
difficult in da ard water. Cooking meat, vegetables, or cereals becomes 
that are. formi ане When laundry is made in hard water, insoluble salts, 
gradually, ed during washing, precipitate on fibres and destroy them 
I = 
реа is delivered to the boiler, scale is deposited on the boile's 
9f fuel and rfere with normal heat exchange. Hence increased consumption 
Th ander ge wear of boiler’s walls (Fig. 6.7). р 
convert zd. M water hardness various chemicals are used, which 
carbonates), and magnesium ions into insoluble salts (normally into 
Temporary hardness is removed by adding milk of lime: 


Pe Ca(HCO,), + Ca(OH), = 2CaCO; | + 290 
Tmanent hardness can be removed by adding soda: 


CaSO, + Na,CO, = CaCO; } + Na,SO4 


1. What is harder, rain or river water? Why? | 
tain bicarbonates of calcium and 


^ 
2. Why does river water con 


magnesium? ы Б . 
3. How can water be softened without using any chemicals? 
4. Write ionic equations for the reactions by which (a) temporary, 
and (b) permanent hardness can be removed. 


E 
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5. Permanent hardness of water containing gypsum cannot be 
removed by adding calcium hydroxide. Why? 
6. Test water from various local sources for hardness. 


a Aluminium is the subject matter of our next lesson. 


1. Take a piece of aluminium foil. Describe the physical properties 
of aluminium. 


2. Try aluminium if it burns in air or melts. To that end cut n 
а strip of aluminium foil, fix its one end (hold by pincers) and Ё А 
а lit match to the free end. Observe and describe. (Why does molte 


aluminium not drip off the strip? Discuss this question at the 
lesson.) 


3. Place pieces of aluminium foil in water, in sal ammoniac, and of 
vinegar. Observe for a few days and describe the results 5 
Observations. Discontinue Observations when foil turns int 


а delicate openwork in one of these solutions. Do not discard it. 


6 9 General Characteristics of Elements of the 
А Маіп Subgroup of Group III 


р ҮШ have the oxidation number 3+. hat the 
In the periodic pe na 
elements of the main s Р P II wil have de 


6.10 
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Aluminium is the most abundant element in the third group. This is 
а silvery-white, light metal, its density is 2.7 g/cm?. Aluminium melts at 
à considerably low temperature 659°С: aluminium foil easily melts in the 
flame of a burning match. t 

Aluminium is a good conductor of electricity and heat. Its electrical 
conductivity is about 2/3 of copper. Aluminium is very ductile and can be 
drawn into wires and rolled into foil. у 

During chemical reactions aluminium gives off three electrons from its 
Outer layer and turns into a tripositive ion АВ*. In all its stable compounds, 
aluminium has the oxidation number 3+. Е 

Aluminium stands near the alkali and alkaline-earth metals in the 
electrochemical series and must therefore show itself as а chemically active 
metal. Doesn't it contradict our everyday observations? We use aluminium 
kettles and pans to boil water and cook food and do not notice appreciable 
Changes in the aluminium utensils. One can get an impression that neither 
oxygen nor boiling water affect aluminium. эз . 

Let us саггу out an experiment to explain this apparent contradiction. Fix 
àn aluminium wire in an inclined position in the clamp of a laboratory stand 
and heat the free end in the flame of a burner. The hot end of the wire 
Suddenly sags. If we look attentively at the hot end, we can see that the 
aluminium wire is coated with a semitransparent film inside which molten 
aluminium shines like silver. The molten aluminium forms a drop at the end 
9f the wire, The film is aluminium oxide. When heated in air, aluminium 


Surface is oxidized without burning and aluminium oxide Al,O; is formed: 


rue 
4Al+30,=2A1,0,+0 


Aluminium combines with oxygen of the air at ordinary temperature as well. 
A thin but dense film of aluminium oxide is formed on the surface which is 
impermeable for gases and thus protects the metal from further oxidation. 
hen the surface of aluminium is damaged, the oxide film is pe а 
well but a new film of the oxide is immediately formed. When aluminium 
dissolves in reagents that do not act upon aluminium oxide, the oxide film 
Separates in the form of fine transparent strips. m" ed 
я € existence of the oxide film on the surface of aluminium can be dh 
as follows. Place a piece of aluminium in mercury and make several un n 
У а file under the layer of mercury (in order to prevent the contac as 
aluminium with air. An alloy of aluminium with mercury, Ae the 
amalgam, will be formed in the notches, The oxide film does not stic ffective 
amalgamated surface and separates. Its protective action becomes ша e: 
and aluminium removed from mercury soon oxidizes at the scratched sites: 
White Пеесу aluminium oxide is formed (Fig. 6.8). inium to water. 
h © can now easily explain the passive reaction of ig a lained by 
i 5 übsence of reaction between aluminium and venis P 
solubility of the oxide film that protects aluminium sur y" yis 
Ч the film is removed by scratching under mercury, and e ater to 
Quickly transferred into water, it will react energetically with wi 
129 
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M b M 
АМИ b^ 
XC. a WIE, (pers E 
ЗА, X ^5 
*---= Аи lik ч \ 
\ 


а 


Fig. 68 Oxidation оѓ amalgamated 
aluminium: 
a-in air; b-in water 


Fig. 69 Reduction of iron from its scale 
by aluminium 


displace hydrogen from it: 


2Al + 6HCI = 2AICl, + 3H, 1 


ms . with 
Aluminium reacts with dilute nitric acid and does not en can 
concentrated nitric acid at normal temperature. Concentrated nitric а 
therefore ђе ke 


ма у " includ- 
a luminium reacts with most metal oxides, iron soale action: 
ed. Pure iron and aluminium oxide are obtained in this re 


а та i S А ; 
hs аста into the mixture, and light it. The magnesium ribbon 
Бие «рш r that ignites the aluminium-iron scale mixture. The mixture 
feüction js e d ba white-hot sparks of burning reduced iron. The 
Ви at порах а temperature of about 3000°C develops in the 
melted. When the oth reaction products (iron and aluminium oxide) are 
latter alte and реч burns to the bottom to reach the iron sheet, the 
heut. An goes e molten mass pours down into the sand under the iron 
got of smelted iron can be separated from the sand by knocking 


M lee 
п the solidified mass with a hammer. 


6 
11 Uses of Aluminium 


Main uses of aluminium (see plate Il on page 179) 
aluminium ed connected with its light weight, strength, and stability of 
combination rds. and water. Transportation mechanisms need this 
aluminium allo physical and chemical properties. The main consumers of 
tution of айкын are therefore aircraft and automobile industries. Substi- 
easier and d nium alloys for steel in cars and aircraft makes their control 

Теле OM fuel consumption. 
luminium TEM alloys in construction is 
and many o s cierra substitute for stee 
are not available uilding materials especially w. 
example, cor e and their transportation from 
Branaries in тараа ‘Sheets from alluminium а 
‘Silver’ rere virgin lands of Kazakhstan. 
à mixture of alb which is widely used in construction and architecture, is 
Of various и powder and mineral oil. It improves the appearance 
environment Par ee and also protects them from chemical action of the 
Petroleum prod rom heat radiation. Silver paint protects, for example, 
am products kept in containers from their overheating by the sun 

igh i T 
titre ot conductivity of pure aluminium is used in electrical 
is à better den uctors are manufactured from aluminium. Though copper 
Tesistance аз uctor of electricity, an aluminium wire, imposing the same 
Construction of copper one, will be twice as light. This simplifies the 
any koe PAN DONI which electric wires are hanged. 
and strength iip are now made of aluminium. Apart from lightness 
namely, high h er valuable properties of aluminium are also utilized here, 
absence of h eat conductivity, resistance to cold and boiling water, and the 
acids conta azardous compounds that might be formed by weak organic 
ined in foods on aluminium. 


^ 


due to the same properties. 
1, wood, reinforced concrete, 
hen local building materials 
other areas is difficult. For 
Поуѕ were used to build 


E: Write down molecular and electron equations for the reactions 
aracterizing the properties of aluminium. : 
calcium and alumin- 


2. Compare the chemical properties of sodium, 
their atoms. 


ium. Relate the results to the structure of К: 
between: (а) aluminium 


3. Write ionic equations for the reactions 
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and hydrochloric acid, (b) aluminium and blue vitriol solution. 
4. What uses of aluminium do you know? 


a 1. Make out a list of aluminium articles that may be found at none 
and explain what property of aluminium and its alloys accou: 
each particular use of the household article. mE 
2. Place water in a dish. Make a ball of cramped paper, an iis nthe 
in water. Now place two nails and pieces of аш шшш foil ові ce 
paper. (Lubricate one nail with vaseline or vegetable on Е 
the changes that mày occur in iron and aluminium for a p loss 
Do not forget to add water from time to time or replenish ue 
Record your observations and the date of each алаш. i: 
a conclusion concerning comparative chemical stability of alum 
ium and iron toward the air and water. 


6.12 Aluminium Compounds 


Aluminium oxide Al,O, is а white solid. It is арра 
(m. p. is above 2000*C) and is very hard. Natural aluminiu 


TW" : : ive 
oxide is corundum. It is the hardest natural substance after diamond. Abrasiv 
tools, such as polishing wheels, or bri 
and used for cuttin ishi 


Xide with respect to alkalis: 
» aluminates of the alkali metals, €- 8 


= 2NaH;AIO; 
sodium aluminate 
Write the ionic equation for this 


Aluminium hydroxide АКОН) 
Obtained by the 


reaction. 


The net ionic equation for this reaction is 


AP* + 30H- = АКОН), | 
If any acid, for example HCI, is added to aluminium hydroxide, the 
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Precipitate di 
pitate disappears: a water-soluble salt of aluminium is formed: 
— АКОН); + 3HCI = AICI; + ЗНО 
e ionic equation is 
АКОН); + 3H* = AP* + 3H,0 


Aluminiu 

m ; T 
If sodium eee. exhibits basic properties in this reaction. 

solution is also ae is added to aluminium hydroxide, a clear 
5 $ Я i i i 

òlnble sodium aluminate: this is explained by the formation of a water- 


-— H5AIO; + NaOH = NaH;AIO; + НО 
nic equation of this reaction is 
Н.АЮ, + OH- = Н.АЮЗ + Н.О 


Aluminium А 
that ams is exhibits its acid properties in this reaction. It means 
Conditions. Alu hydroxide can be either acid or alkali dependin on the 
„Рап ент = hydroxide is amphoteric. е 
liberation el fydro wire is placed in a hot alkali solution, vigorous 
etallic abiisse soon begins. How can this phenomenon be explained? 
t reacts with the Y coated with the film of amphoteric aluminium oxide. 
Water. Free of its E e to: give а water-soluble sodium aluminate and 
Е estruction of а otective oxide coat, aluminium reacts now with water. 
еп we use alu luminium in an alkaline medium should be remembered 
luminium іп minium articles in the home. 
Parthis crust. Nara Aluminium is the most abundant me 
е state in re day its high chemical activity it does not occur 
Uminosilicates, Башы Among natural aluminium compounds there are 
ее corundum, and its variety етету. 
на of these si salts whose anions contain aluminium and silicon 
les make the mai are the alkali and alkaline-earth metals. Aluminosili- 
main bulk of the Earth's crust. The widely occurring 


miner, 
al fe > 
архе Сее ео aluminosilicate. 
ai ini i i ini 
n ore of aluminium, whose main component 15 aluminium 
rocks (by 


Ydroxid 
е. Bauxi 
Weathering), he bie formed by decomposition of various 
products of decomposition were carried away with water 
tal line. 


Into Јак 
es and 
seas, where they precipitated near the coas' 


tal in the 
in the 


? 
4 iud eee and in what sequer 
e SCORES 50| udon is added to aluminium © 
2. Why Ru ing reaction equations. — . , 
equations agi alkalis be kept in aluminium containers? Write 
3 By what r ne reactions that may occur. 4 = 
ions can aluminium ions be detected in solution? 


uence are formed when sodium 
hloride solution? Write 


Metals of the Secondary 


Subgroups of the Periodic 
System 


Structure of Atoms of Metals of Secondary 
7.1 Subgroups 


We have already studied the metals of the main ке 
groups of groups І, П, and Ш. Now we shall study the ae ре 
of metals standing in the Secondary Subgroups. But let us first dis the 
the structure of the atoms of these elements because it accounts for 
Specific properties of these metals, 


Let us remember how the electron 


ical 
layers of atoms of chemic 
elements Standing in 


А iti rom 
the main subgroups change in the transition f 


he 
metals of the secondary epe T 
| d not to the outer but to the penulti 
ayer. 


illustration the 


NES e 
gradual changes occurring in th 
S of the fourth 


Period, from scandium to E 

has 21 electrons (as Compared to 20 in calciu à 
The 21st electron Was added to the Penultimate layer which now coun > 
9 electrons. The electron distribution by layers in scandium is as [ое 
(+21) —-2—-8—% - In titanium (at. No. 22) the penultimate laye 
contains ten electrons, and that of vanadium (at. No. 23) 11 electrons 
Chromium (at. No. 24) should contain 12 electrons in the penultimate laye 
but one more electron is added to this layer from the outer layer, an 
contains only one electron. This arrangement is more 
advantageous energetically: (+ 24 -2 8 _ 13 —1. As electrons are 
gradually added the Penultimate layer of zinc (at. No. 30) becomes fully 
Occupied with electrons, The electrons are distributed in zinc as follows 
(+ 30) -2 —8 —18 22 


Ther : 
Madii. bed паша the secondary subgroups whose atoms accom- 
Ша Inver fe istinguishing electron not in the penaltimate but in the 
Bie) Gers ш о These elements are metals and they аге located 
ребра. VI por gy secondary subgroup of group III which belong to 
не . In the Vith period these are lanthanum and the 
, and in the VIIth period, actinium and the actinides. 


2 
c structure of yttrium (at. No. 39) and 


1. Draw diagrams of atomi 
f the metals 


A ee 
indium (at. No. 49). Whose structure is characteristic o| 


оГ the secondary subgroups? 
Ж raw diagrams of atomic structure of manganese and bromine. 
-— icate their similarity and differences. 


7.2 кии of Oxides and Hydroxides of 
Metals of the Secondary Subgroups and Their 
ependence on Oxidation Number 


elements of the 


In contrast to metals of the main subgroup, 
from the outer 


secondat 
and сте ee can donate various number of electrons 
oxidation "uw. ~ of their atoms, and can therefore exhibit more than one 
Secondary sub хд in chemical reactions. Titanium, the metal of the 
and 4 +, йеме SUD of group IV, has three oxidation numbers: 2+, 3+, 
to 5+, ehromni nadium, that comes next to titanium in the period, from 2 + 
metal in the sec m 2+, 3+, and 6+, manganese from 2+ 10 7+. Each 
Correspondin үшү subgroups can therefore form several oxides and the 
Consider ~ ydroxides, which differ in their properties and composition. 
the metals brace in regularities in the change of properties of compound o 
as an example. ng in the secondary subgroups. Use chromium compounds 

romium i 

all sut D in the free state is a metal resembling steel in appearance. Like 
iffers from peo the penultimate layer is being filled with electrons, it 
Iromium is ны metals by Из special hardness and refractoriness. 
OXidizes in aj e hardest metal; it leaves scratches on glass. Chromium 
air to form a thin film on its surface which protects the metal 


from fi 

urt аа | ] 
Prevent "ra oxidation. Chromium is therefore used for electroplating steel to 
Chr rom corrosion and mechanical abrasion. When alloyed with iron. 
n from 12 to 14 per cent 


omi om соп 
y weight ion it its hardness. Chrome steels contaii ! 
cent of бойцы Chrome-nickel stainless steel contains about 18 per 
tai m. 
ome Pii is widely used in chemical, foo 
hromium chrome-plated spoons and forks, and other ^ 
cause all Brei rs from the Greek word chroma whic 
In chemi а! romium compounds are coloured bright. 
electron | cal reactions, the chromium atom can give ° (ће penultimate 
ayer. In res the outer layer but also to 5 electrons from the pe 
ht ke “ait reactions chromium exhibits its higher oxidat 
e all other elements in which the electrons are adde: 
s of Secondary SubgrouP 


dustries, etc. In the 
household objects. 
h means colour, 


d, space in 
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Metals 


i idati ie. it can also 
penultimate layer, chromium has several oxidation numbers, i.e. it ca 
have lower oxidations numbers, viz. 2+ and 3 t. 


in acids, i i i idation 
When chromium is dissolved in acids, it forms salts in which the oxid 
number of chromium is 2+ 


GP *ONOP- — срна + H? т 
chromium (II) 
chloride 


The net ionic equation is 
CI? + DEEP... GE + Hit 


T d 
Because of the Cr2+ ion, the obtained solution is blue. When alkali is adde 
to it, yellow-brown chromium(II) hydroxide precipitates: 
CrCl, + 2NaOH = Cr(OH), | + 2NaCl 
C** + 20H- = Cr(OH), | 
Chromium(II) hydroxide is a base and the corresponding oxide of chrom 
ium(II) CrO is a basic oxide. 


n»: n be 
on number of chromium is 2+ са 


€ oxidation number of chromium is ae 
The following reaction occurs in an acidified solution containing dissolv 
oxygen: 
4CrCl, + АНС! + О, > 4CrCl; + 2Н,0 
blue green 
solution solution 


Chromium(11]) oxide Cr,O, is Bree 
a uminium Oxide. Like aluminium oxi 


uminium oxid 


у d. a 4 7 aced 
34 € crystals part of aluminium ions are repl 
by the Cr 1005 which colo 


by 
ur the crystal red. These crystals are called ds of 
5. Miniature bearings for clockwork are ma 


Precipitates as a green dui) 
ed to a solution of a chromiu 


CrCl, + 3NaOH = 


Write the ionic equation for this reaction, 


Like aluminium hydroxide, chromic hydroxide is amphoteric. It dissolve 
in acid solutions to form the initi 


у the 
i f the hydrated Cy3+ 4. &eenish violet salt of chromium(I1]) ( 
colour of the hydrated Cr 


CHOH), | + 3NaCI 
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chromites, the colour of which is due to the presence of the ions H,CrO; : 


Cr(OH), + зна = CrCl, + 3H,0 

Cr(OH), + NaOH = NaH;CrO, + H,O 
Сһготішт(Ш) salts are similar to aluminium salts in their composition, 
Crystal lattice, and solubility. 

Chromium(VI) oxide CrO, is an acid oxide. It combines with water to 
form two acids, viz. chromic acid Н,СтО, and dichromic acid Н,Ст,Оз. 
Salts of the former acid, e. g. Na,CrO, are yellow (the colour of the CrOi- 
lons). They are called chromates. Salts of the other acid, e.g. Na;Cr;O; are 
Orange (the colour of the Cr,O2- ions) These are called dichromates. 
.  Hydroxides of chromium (УІ) are thus acids themselves. When chrom- 
lum exhibits its oxidation number 6+, its compounds are similar in their 
Properties’ to compounds of sulphur with the same oxidation number. 

Like sulphur(VI) oxide and sulphuric acid, chromium(VI) oxide and 
Chromic acid are oxidants. Ammonia, for example, ignites when comes in 
contact with chromium (VI) oxide: 

20160, + 2№-Н, = CH*O, + № + 3H,0 
е oxidizing Properties of chromium salts are most pronounced in e 
соб medium. When any acid is added to а salt dichromate, the ране 
= ur of the solution does not change. But if any reductant, e. g. a sulphite, 
added to the solution, the orange colour which is characteristic of the 

“oa ions, changes to greenish-violet, characteristic of the hydrated ions 
OF tervalent chromium: : 


NaCr$ +0, + 3Na;S^* O, + 4H,SO; = Ста“ (S$*O4); + 4Na,S°*O4 + 
+4H,0 


The со M di 
mposit а i i ds are compared in 
Table T lon and properties of chromium compoun' 


Table 7.1 
Chromium Compounds 
Oxidati ies of 
number” Formula of Properties of eid iydtoxides 
2 
ep CrO Basic oxide, COH), HM, reducta 
reductant 
а + 
SET Cr,0, Amphoteric Cr(OH), – Amphoterie 
6 i i 
а сто, Acid oxide, H,CrO, Acid, oxidant 
oxidant 
The à а ber of the 
o | F А n number 0! 
Meta] поба regularities сап be formulated. As the d its oxides and 
Р го 
Ydroxiqe, ^ Secondary subgroup increases, x гу peine of one and the 


es change in the same way as they 


bgrouP 
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Metals 


dap " ic properties 
same period with their increasing oxidation number: the basic prope 
through amphoteric to acid. E -— 
Ec “ше with lower oxidation numbers have iis g 
compounds with the higher oxidation number, oxidizing prope 


ith that of 
A 1. Compare the properties of chromium(III) ошен with 
aluminium, chromium or sulphur(VI) compoun s. chüracieristit of 
2. What properties (oxidizing or reducing) im E | 
chromium(III) oxide and chromium(III) hydroxide? corresponding 
3. Write formulas of the lower oxide and the ties of these 
hydroxide of manganese. Describe the chemical prope: ai 
unds. р й 
4. Describe the properties of the higher manganese МР Шр unda 
corresponding hydroxide. Write the formulas of the: 
and equations which involve these substances. 


7.3 iron 


The chemical s 
atomic weight 


NM) 
e)» 


imate 
In addition to two electrons of the outer layer, electrons of the peniti 
layer can also be eliminated from the iron atom in chemical асс at 
oxidation number of iron in its compounds is usually 2+ | z and can 

Iron is a Silvery-white metal; it is very ductile, readily malleable, 


er 
| y сабу 3 m oth 
be drawn into wire. The Property of iron that distinguishes it fro: 

Metals is Из magnetism: і 


come 
it is attracted by a magnet and at P iron 
^ magnet itself if electric current is passed through wire coiled roun 
core, 
If an iron wire is heated by 
the wire first sags because of th, 
to 910°C, the wire i 


26, its 
ymbol of iron is Fe, its atomic number 
56, and the atomic structure 


г tur 
ermal expansion, but as the tempera 


mmon iron (s. 


Ў пен etic 
t to о-ігоп, the gamma modification is nonmagn' 


ап 
d, i.e. Carbon ај 


? uid. 

Iron melts at temperatures aboye 1500°C to turn into a imobile Te 

Liquid iron absorbs carbon easier than Solid gamma iron (to 4 pe hite OF 
When iron alloys solidify, dissoly 


f ed carbon can crystallize out as grap 
cementite (ferrous carbide) Ее,С, 
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Iron forms several compounds: 


FeO Fe(OH), FeCl, FeSO,, etc. 
Iron (П) oxide iron(II) hydroxide salts of iron (П) 
Fe,0, Fe(OH); FeCl,, Fe; (SO,)s, etc. 
Iron (III) oxide iron (III) hydroxide salts of iron (III) 


Apart from FeO and Ее,О,, iron can form an intermediate oxide in which 
а part of iron is present in divalent and a part, in tervalent state: 


ЕезО, = Fe?*Fe*Oj- 


Iron burns in oxygen with bright splashes which are white-hot particles of 
„гоп scale Fe4O,. When heated in air, iron surface oxidizes to form a crust of 
Ton scale which is separated from the metal when it is hammered. Sparks 
that are formed during sharpening of iron tools or during casting molten 
Iron are white-hot particles of the same iron scale. The same reaction occurs 
In all these cases: 


3Fe + 20, = Fe;0, + 0 


te ODsider now the reaction of iron with water and oxygen at Leo 
one Place three iron nails into separate test tubes, one о ma i 
diss d dry oxygen, the other water (preliminarily boiled to s p 
a in Oxygen), and the third oxygen (the test tube is откате 3 
tc Containing water). No apparent changes occur in the former two | 

"5 while the iron rusts in the third test tube and the liquid level in it rises. 
15 indicates that oxygen is consumed to oxidize iron. Yellow-brown rust 1s 


Ormed, which is mainly ferric hydroxide: 
4Fe + 6H,O + 30, = 4Fe(OH) 
Rust attacks not only the part of the nail that is immersed in №. 
Parate Spots appear on the dry end as well. | и 
ne can conclude that neither dry oxygen, nor water in the absence A 
gen affect iron. But in moist air and in water containing dissolved 
gen, iron rusts and is covered with a loose easily detachable елы. E 
ther Cable for gas and vapour and cannot thus protect the metal E. Я 
adso; токой. As soon as a rusted spot appears оп ап Acn B 1 
atta h S moisture from the air and accelerates further corrosion. 
oid at one point, rusting spreads over the rest of the iron. 


ater, but 
Se 


Oxy 
Oxy 


Fe + H,SO, = FeSO, + Н, 1 
iron(II) 
sulphate 


Th -— 
* net ionic equation is 
Fe? + 2H* = Ее?" + Hat 
139 
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But concentrated sulphuric and nitric acids do not react with M v + 
normal temperature because dense films of iron compounds, insolu 
these acids, are formed on the iron surface. | ite 

Iron displaces copper and other metals, that come after iron 
electrochemical series, from aqueous solutions of their salts: 


Fe + CuSO, = Cu + FeSO, 
The net ionic equation is 


Fe + Cu?* = Fe?+ + Cy 


As during dissolution in acids, iron is oxidized to 2+. 


E 


i i iron. 
l. Describe (a) physical and (b) chemical properties Ea or (8) 
& rite equations for the Teactions of iron with solutio 
їс aci silver nitrate. "m оте 
Used to treat walls and ceiling bets? 
blue vitriol be kept in iron 


7.4 


Iron Compounds 


Iron (1I) salts are slightly green in solution, the colour Кану = 

due to the hydrated Fe?* ions. When an alkali pope 
added to an iron (II) salt, e.g. ferrous chloride, white flakes of fe 
hydroxide precipitate: 


FeCl, + 2NaOH = Fe(OH), | + 2NaCI 


Write down the net ionic equation by yourselves. А turns 
The precipitate immediately turns green on exposure to air and ШЕП шде: 
brown because the ferrous hydroxide oxidizes into ferric hydr 


4Fe(OH), + О, + 2H,0 = 4Fe (OH), | 
Ferrous hydroxide does not dissolve 
їп acids to turn into iron (II) salts: 
Fe(OH), + 2НСІ = 
Write the net io 


5 " Л issolves 
in excess alkali, but it readily diss 


весь + 2H,O 
nic equation. 


Ferrous hydroxide herefore a base, Solutions of iron(III) salts, © & 


is t 

n 
FeCl, are yellow, When an alkali is added to these salts а yellow-brow 
ferric hydroxide precipitates: 


Кес + 3NaOH = Fe(OH), | + 3NaCl 


Write the net ionic equation. 
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Ferric h Е А 
hydroxide = is thus a base, like ferrous hydroxide. But ferri 
hydrolyze weakl eaker base, and solutions of iron(II) salts theret 
hydrolysis beue while those of iron(III) hydrolyze so strongly that 
(remember the с until colloidal particles of ferric hydroxide are formed 
hydroxide was Powers in which a colloidal solution of iron(II) 
Fe? ions but to ме тези The yellow colour of ferric salts is not due to the 
in concentrated Ke gen particles of iron (Ш) hydroxide. Fe (OH); dissolves 
c MeH,AIO,) solutions like Al(OH); to form the ferrites MeH;FeOs 
€ increase i 
the bon in the charge of the iron ions 2 
оа е its ions and hydroxide E Айай 
the manufacture pos баа is the most common salt of iron. It is used in 
Iron is the dede ges and to impregnate wood to prevent its decay. 
mportant Ores are ha mes! abundant metal after aluminium. Its most 
orRosits of iron ore ematité Fez; and magnetite Fe3O4. The world largest 
: Kursk aud whe shes tea in the Soviet Union in the Urals, near the city 
г. is contained in к 08. Iron is a component of plant and animal tissues. 
ansport from th ii ie of blood which is responsible for the oxygen 
e lungs to other organs and tissues. Although iron is not 


Contained i 
in chl : та 
Substance Pih ier itself, it is necessary for the production of this 
lorophyll and lose eg cae. in iron-deficient soils stop producing 
green colour. 
? 
^ LH р 
PUR sed can salts of iron(II) and iron (III) be differentiated if both 
^ s uble in water? 
3 Wee Pa He properties of iron hydroxides. 
ВЕНЫ e equations, for reactions by which the following 
> Ее;О, 


F E 
e,0, > Fe > FeCl, ^ Fe(OH), > Fe(OH); 


7.5 


Uses of Iron 


iis 2 is mainly used in practice as its all 
Iron alloys of vari r elements. The modern iron-and-ste 
а Steel, arious composition. The main alloys of iron are 
ast iron is bri А 

awn, and Ens like glass, while steel is ductile: it can be forged, rolled, 
Operties of ib into various shapes. The difference in the mechanical 
Oncentration on iron and steel is mainly due to the carbon content: the 
Per cent by а“ in cast iron is over 2 per cent and in steels below 

ast ir et 
the excess, a more carbon than it can 
ON fine lines Hed iis uid from solidified iron as gra 
if a ien cast ih e figure are flakes of graphite cut along and : 
су were crack on is struck it falls into pieces along the graphite flakes as 
acks. Dull grey graphite can be found in the cast iron fracture. 


oys with carbon and 
el industry produces 
cast (pig) iron 


Г. 


bind after solidification, and 


phite flakes (Fig. 7.1) 
d across their 
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Fig. 7.1 Gray iron (a microscopic view) 


Я А (а 
Fig. 7.2 Super-strength pig iron 
microscopic view) 


| s, 10 
make bed plates of various machines and lathe 
slabs, and tubes. 


А before 
magnesium are added to the molten iron 


Cast iron is used to 
manufacture flywheels, 
If small amounts of 
casting it into molds, the 
(Fig. 7.2), High-strength 
brittleness of Brey iron 


"Ls inclusions 
graphite separates out as ball-like ae the 
Cast iron is thus produced and has non а 
‚ Heavy-duty parts for various machines, 


by 
, А ts 
Mechanical Properties of alloys can be improved without ein qi the 
‚ forging. This process also changes the size and arrangement of crysta 

alloy. 


temperature gradually, 
Practically insoluble 
carbon-free iron and cementite, 
gamma iron converts into alpha bon i? 
not separate from the Upersaturated solid solution of саг 

alpha iron is thus obtai 


gamma іг 
in alpha 


Melt — solid solution of — solid solution of C i 
C in y-Fe 


(tempered steel) 
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Carbon atoms that remain in iron crystals give the specific properties to 
hardened Steel: hardness, resilience, and also brittleness. To decrease the 
brittleness, an article is tempered. It is heated again to moderately high 
temperatures to cause partial decomposition of the solid solution into 
carbon-free iron and cementite. The hardness of the tempered steel decreases 
significantly, but the brittleness is removed. А 
th € hardening and tempering of steel illustrates another method by whic 
€ properties of alloys can be modified without altering their composition. 
15 method is thermal treatment. vds 
hi © properties of hardened steel depend on the percentage of camin à 
18һег the carbon content, the harder the steel. Iron-and-steel in ву 
oe Various steels, among which are soft, moderately-hard steels, og 
ture "Speed steels. Soft and moderately-hard steels are used in the кш 
steel, of car bodies, household refrigerators, washing machines, cor! pe 
t 7^ ею. while high-speed steels are used in the manufacture of cutting 
0015, 
Alloy steel. In order to provide specific properties in steels, other elements 
on to them. These m нагай т metals and steels produced alloy 
| "ting tools made of ordinary steel do not stand up to high tempe a 
e uu during high-speed drilling or metal cutting; the а A tsani 
Solutio, $ are quickly dulled. In order to retain carbon in the steel i un 
е alle at high temperatures, steel is alloyed with gape high-apeed 
stee, 07 Steel remains hard at high temperatures and is сате 


— 
I — 
? 
; steel, Relate 
^ l. Describe the composition of (a) cast Я аай oe to their 


their properties to their composition, 


Properties. А ning, (b) 
2. What conversions take place in steel during (a) harde a 
tempering? ed without altering 


3. How can the properties of alloys be changi 
their composition? Is? 
4. What are alloy steels and high-speed stee S What products were 
5*. A small diamond was alloyed with iron. d disclosed by the 
formed? How was the chemical nature of diamon d 
experiment? : i wooden 
6 v Three nails of the same sort of steel were ме ‘broke, while 
board. The first was bent by the hammer, the secon eatment ha 
the third was driven into the wood. What therm 
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Metal Extraction 


t 

: etals, and go 

We have studied the general рори ^ e.g, sodium, 

Potassiu a close acquaintance with some © and iron. Let us now 


discuss > Calcium, magnesi luminium, chromium, ined in 
discuss , magnesium, alumi ^ І s are obtain 
industry. nods by which these metals and their alloy 


7.6 Metal Extraction 


The science of industrial extraction of metals is called metal ay 
Metallurgy includes the industrial extraction of metals and is subditus EO 
ferrous and nonferrous metallurgy. Nonferrous metals are further subdivi = 
according to their properties into light, heavy, noble, and rare metals, ~ 
Titanium, aluminium, magnesium, the alkali, and alkaline-earth = x 
light metals. Copper, lead, nickel, zinc, and tin are heavy metals. Gold, silver 
platinum, and the platinum metals are the noble metal. 

From what are metals and their alloys extracted? or 

Accumulations of chemical elements in the form of simple ва ПЕН ibe 
compounds, from which it is reasonable (economically justifiable iar ais 
modern status of technology) to recover metals, fuel, chemical pro EUR 
building and other materials, are called deposits (fields). Metals are а e 
а ш оте deposits. The extraction of minerals from their depos! 

one by the mining industry. 

Like other minerals, seta Ores often contain substances that have 19 


с оге. 
practical value and only interfere with the recovery of metals from M raw 
Metal-rich ores are gradually being exhausted and we have to han 

materials in which the 


c “ngor ores 
content of valuable substances 15 low. Iron-poo artly 
must therefore be fi K 
removed. 


3 j ] or 
The most important sta e 5 i i ining me 
. oft s is obtain 

its alloy i a g he éxtraction proces: eceded by 


y chemical methods. This stage is pr 


rst concentrated, ie. the gangue should Шш 


w 
ges of metal smelting, the process и istry» 


1 3 mi 
hysi tained. Metallurgy cannot therefore do without che 

p Ger mineralogy, geology, and other sciences. nt of all 
ue T 2 nw Mostly used in heavy engineering. Over 90 per ES іске 
Subst YS produced is stee] The importance of manganese, chrom! that 


a du sion, 
good found d heat conductivity, strength, stability to conte, псішё of 
various electri] pees: This metal is indispensable in the к of сор 
is spent for then UU pment. About 50 per cent of the total outpu rias 
in the chemical ја розе Соррег alloys are used as constructio s, E s 

ustry, i ision i m 
the automobile industry pies manufacture of precision instrume™, 7 р 


P ts r 
4 fs. eii ve and ! the 
denoi satisfy the prov Owever, copper is still expensive а m and 9 
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actually the cheapest nonferrous metal. | | | 
Magnesium апа titanium are the two other important light metals. 
lagnesium is alloyed with aluminium to give very light but very strong 
alloys. Magnesium alloys are characterized by their high resistance to 
Corrosion and refractoriness. They are used as construction materials for 
aircraft and in electronic industry. ~ 
Light titanium alloys remain hard at higher temperatures than aluminium 
and magnesium alloys. They are therefore used to make jet engines. The high 
Corrosion resistance of titanium alloys accounts for their wide use in the 
manufacture of chemical apparatus and equipment. 
Beryllium, zirconium, niobium, cadmium, lithium and some other metals 


are used in new branches of science and technology, viz. the nuclear, 
electronic, and space industries. 


E 


А there any metal ore deposits among them? 


nonferrous metals. 

5. What alloy steels 
steels do you know? 
6. Compare the chemical, technical, and economic data оп light 
metals and their uses. Make out a table. 


== cesi NERA 


7.7 Industrial Extraction of Metals 


and which household articles made of these 


multane- 


ously. Thus, for example, in a blast furnace Process, iron is reduced from its 


oxides and cast iron is separated from slag. 
The process by which the metal is recovered from its ore often comprises 
dozens of separate operations, both mechanical and chemical, including the 


concentration of ores and the Purification of the final metal. How is the main 
Process, the reduction of the metal 


10-895 7. 


reducing chromium (III) oxide with aluminium: 
Cr,0; + 2Al = ALO, + 2Cr + Q 


; mium (01) 
The reaction begins after preliminary heating of powdered eren of heat 
oxide and aluminium. It proceeds with liberation of ты Ped тпай. of 
which is sufficient to melt chromium. Cheaper silicon can be 
aluminium for the purpose. 


ilicon 1$ 
Reduction of metals from their compounds by other metals or sili 
called metallothermy. "m d some 
Metallothermic processes are widely used. Manganese, Чаш ша апа 
other metals are produced by metallothermy. Together with alu 
Silicon, magnesium and sodium are also used as reductants. 
Reduction with aluminium is called aluminothermy. ds with oxygen 
Highly chemically active metals form very stable compounds difficult ог 
and other elements. Reduction of their oxides by carbon is either ossible ог 
impossible because of the formation of carbides. It is not ыы rmy, ап 
commercially worthwhile to Obtain these metals by metallo 
electrolysis is therefore used instead. 2 d in industry. 
The electrochemical method of preparing metals is widely use aluminium, 
Electrolysis is used to obtain the alkali and alkaline-earth Vp or ions 
magnesium, and beryllium. Electrolytes should not contain s. se metals it 
because during the electrolysis of aqueous solutions of salts of the: 


: mber the 
15 not the metal but hydrogen that is liberated at the cathode dae ee the 
electrolysis of aqueous solution of potassium iodide). Neither 
electrolyte contain ions of th 


hode 

ose metals which can be liberated at the pee o 
during the electrolysis’ and thus contaminate the product. The Postances 
electrolyzed substances is therefore essential and purification | chain 9 
for the electrolysis is often the most complicated process in t 
operations involved in the extraction of metals from their ges by other 

Electrochemistry is used to purify (refine) metals obtaine des made 

methods. In order to purify, say, copper from nickel and iron, prt an 
of impure соррег are placed in a bath containing sulphuric lectrolyte: 
соррег(П) sulphate. As an electric current passes through the е | 
Pure copper is deposited at the cathode (a copper plate). reduced in 
main methods by which metals are known 2$ 
stry. Reduction by carbon or metals at high temperatures are ponents 
Pyrometallurgical processes, The dissolution of important ore com 
and isolation of Pure produ 


_ We have now discussed the 
indu: 


allurgic? 
cts by electrolysis is called а hydromet 
process. 
н ou 

t 1. Write equations for metal reductions by all aom i^ 
А 2. What аге the lechnical and economic à t reduction 

disadvantages of metallothermy compared with direc 

Coke? 


the 
| sion of 

3. What is the main requirement for the composti in 
electrolyte intended for obtaining a metal by “сеу ow early ! 
4. Electrochemical methods of obtaining metals were kn 
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the 19th centu: 
ry. Neverthel i i 
20th century. Explain this sd came in wide use only in the 


каракел аны к ысык UNUM и 


.8 Production of Cast гоп 


When i i i 
К E I reduced ina blast furnace, cast iron is formed, 
à О РТИ bc raw avy engineering industry needs steel The main 
two-step 0—5 ore converted into steel. The production of steel is 
„45 consid i 

fom iron бең er the chemical reactions by which cast iron is produced 

А en iron (III) oxide i 
is first obtained, D ре кше a mixture of iron (II) and iron (III) oxides 
s then reduced to iron(II) oxide and finally to pure iron 


— Fe,O, + Fe,O, > FeO — Fe 
monoxide is used as the reducing agent 

3 

Fe,0,; + СО е 2Fe,0, + CO, + Q, 


Fe,0, + CO æ 3FeO + CO, - Q, 
FeO + CO г Fe + CO, + 0 


Carbon 
А monoxide i à 
give carbon Fe al formed in the blast furnace from coke. Coke burns to 


Which react манба офа Ди 
T 
= hot coke to yield carbon monoxide: 
Iron Oxides re + CO, же 200 = © 
опас with ys also with coke but since the area upon 
ax Hides PI reductant is much smaller than t 
nction ión a eg carbon monoxide plays the main 
рагі], 1 
y а into the carbide at high temperatures 
arbide ben + 200 = FeC + CO, + 0 
(the ms carbon dissolve in iron to give a relativ 
№ C, while we point of the alloy containing 4.3 per cen 
Vhat happen at of pure iron 1 540°C). 
ox соп, un S to impurities contained in iron 
ides to dede phosphorus, and sulphur are 
Топ, silicon, € in or react with iron. Liquid iron, 
ean Xides of ЕЕ. phosphorus, and sulphur i 
inn itions; nor an magnesium, and aluminium duced in these 
“melting silicates they melt. They react with each other to form 
es, aluminates, aluminosilicates СаО -SiO>, (CaO), -SiO2 


which iron oxide 
he contact area 
role in the 


Iron с 


all 
oy ely low-melting 


t of carbon is 


ore and coke? 
partly reduced from their 


which is an alloy of iron, 
s thus obtained. 
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i Icium 

СаО -Al,O3, (CaO), -Al,03-SiO,. Most of the sulphur turns € 2 Sud 

1 hide. These compounds do not dissolve in the liquid iron es Pena d 
А fus such as lime (or limestone) which decomposes in the blas TA The 
form lime is also added to the ore to obtain poca 
temperature at which slag begins to form is about 1000 Т de satione 

Let us discuss the conditions ensuring high rates о 
reactions so that the efficiency of the blast furnace is nigh: и 

The rate of chemical reactions is increased by increasing the c MÀ UBER 
of the reactants, {һе surface area upon which the reactants с 
other, and by raising the temperature. . в 

How can the concentration of iron oxides be increased? — 

Iron ores are usually concentrated by separating the iron Onich the 
material from the gangue (tails). In order to increase the area aree It is 
reactants contact one another, the ore, coke, and flux should be T мач this 
desirable that all the lumps should be about the same size T fragments 
promotes uniform reactions. Fine-grain concentrated ores, sma s of оге, 
and dust that are inevitably produced during crushing large ара а they 
have to be preliminarily sintered into larger aggregations. To tha S sing 
are mixed with coal which is burned to provide the peers d to the 
temperature. This process is called agglomeration. Limestone is а йе angue 
sintered mixture and when it is heated, it converts into lime while t t 


; d sinter 
is partially slagged. Fluxed sinter is thus obtained. The use of Resa’ (Ca 
Saves expensive coke and increases the efficiency of the blast fur 
you explain why?) 


. у ап 

In order to increase the concentration of carbon monoxide, Uf. o 
delivered into the blast furnace is enriched with oxygen. The per rate at 
nitrogen in the resultant gaseous mixture is thus decreased and t xide also 
which coke burns increases, and the concentration of carbon mono 
increases. 


as 
, У i tural 8 
Concentrations of the reactants are increased by adding па 
containing metliane. Methane b 


urns, viz. 
CH, + 20, = CO, + 2H,0 + Q 


and carbon dioxide and water vapour react with hot coke 
CO, + C = 2со – Q 


НО > Сен, + GO — 0 ents. 
Hence the blast-furnace Bas becomes enriched with оре and 
Owing to the use of oxygen and natural gas, the rate of the react saved. 
efficiency of a blast furnace are increased, and so expensive coke 1s 
What are the opt rature: 
We know that th а chemical reaction depends on мр 5 be 
and hence each of the reactions Occurring in the blast furnace A specia 
i perature as possible, in accordance м! reheating 
hat reaction. This is accomplished by P 
the air blown in to 1300°C and enriching it with oxygen. 
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hearth 
iron 


. = 
Fig. 73 Blast furnace MP 


The heat of exothermic reactions is utilized by heat exchange: dd 
flows from the bottom to the top through liquid cast iron and slag = = 
through other materials which come іп а countercurrent flow (from = od 
to the bottom). The temperature of the row materials gradually egeo а st 
Optimum conditions are provided for the reduction and ер нар e? of 
Iron and slag, and for the formation of carbon monoxide in the lower з °С. 
the blast furnace. Iron begins to be reduced from its oxides at about is only 

€ temperature of the blast furnace gas at the outlet of the po EA 
about 100°C, the heat thus being utilized quite efficiently. М e t air. 
monoxide is contained in the blast furnace gas and it is a „> exp 

A blast furnace is a continuous process apparatus. It is aperi Кооп 
2 Uniform distribution of gases both across its vertical and | charge. 
Sections, and to provide for continuous washing of the orn a belt 

e materials are charged into the furnace by: рош is designed so 
Conveyer as shown in plate Ш оп page 180. The loading device 1 aterials are 
that hot gas cannot escape into atmosphere when new 1 
added. The raw materials are first delivered into the he top balis 
Which they are discharged into the lower hopper vin "into the bosh 
Owered; the materials are discharged from the lower chamber bell is closed 
the combustion zone) when the lower bell is opened. The top here is thus 
т this moment and the discharge of hot gas into po 

revented, special 

Preheated air is blown into the upper part E wr еб по 
Openings (tuyeres), and the combustion of coke 15 x heate 
carbon monoxide (Fig 7.3). The blown-in air is P 
Combustible products of the blast furnace gas in the PEDE 
air heating plant. These are high towers lined on " 3 а and air 
Material and packed with special bricks (Fig. 74) Ваз s burns. The hot gas 
are delivered into the combustion chamber where eme 
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Fig. 7.4 Air heating plant 


ing is heated to 
formed gives off its heat to the Packing. As soon as the packing is 

high temperatures, th 

and air is now passed 


ure 
А der to ens 
the air heater is again switched over to heat the packing. In ori 

à continuous flow of hot air ; 


is provide 
Ot air into the blast furnace, each furnace is p 
with at least two air heating plants (see plate Ш). ing into the 
All the operations to prepare the charge, its weighing and 4 etc. аге 
furnace, and also the periodic discharge of slag and cas 
mechanized. 


There are some ve. 
and their 


tures, 
A : ids, tempera 

the Composition, volume and weight of gases and solids, ре 
Pressures, etc, must be 


btaine' 
available throughout the process. It can get central 

by numerous automatic devices Whose readings are delivered to 
control board, 

any indices characterize the e 
main of which are the utilizati 
furnace (number of cub 
Per day) and the Spec 


he 

à nace, t 

fficiency of operation of a blaat um of the 

on coefficient of the useful vo of cast iron 

ic metres of the furnace volume per ton 

ific consumption of coke. > 

n 

я t furnace à 

? 1. Oxides of What elements cannot be reduced in a blas 

why? 


2 
nace * 
: к s А blast fur! 
2. By Which reactions are Carbon oxides formed in a 


rnace 
h i ‘als in a blast fu 

- Why is it Important that different raw materials in а 

flow in OPPosite directio; 


ns? 
4. What reacti 


d 
ases an 
Ons occur in a blast furnace (a) between 8 
solid materials, (b) between solids? 


A 
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5. What are the advantages of fluxed sinter over formerly used 
mixtures? 

6. Оп what do the temperature conditions of a blast furnace 
depend? 

7. Name all methods by which the reaction occurring in a blast 
furnace can be accelerated. 

8. How can the consumption of coke be decreased? | : 

9. Why cannot finely divided materials be loaded directly into 
a blast furnace? 

10. One blast furnace is usually served 
Explain why. 

11. The usefull capacity of a blast furn: 
utilization coefficient is 0.80. What is the d 
furnace? 

12. Which of the principles underlying the blast furnace process can 
be regarded as general principles of chemical manufacture? Which of 
these can be regarded as principles common to all industrial 
processes? 


"EE eee 


by three air heating plants. 


ace is 2700 m? and its 
aily output of the 


9 Manufacture of Steel 


Pig iron produced in a blast furnace and 
Pig iron { as raw materials for the production of steel. —— Me 
compositi intended for conversion into steel is called conversion iron and i 
4.4% of on varies within wide limits. Conversion iron contains — 
03% 5 О, 1.75% silicon, 1.75% manganese, 0.30% phosphorus a 
decreased paur The contents of carbon, silicon and manganese must ~ 
ittle sulph own to tenths of one per cent for steels. Steel should pontem я 
brittle: x ned and phosphorus as possible since these elements make the atel 
it is cold. phur makes the steel brittle when it is hot, and phosphorus w! 
empe conversion of pig iron into steel is attained through oxidation ar high 
metal кесш The source of oxygen is air and iron oxides contained ш 

ron тар and iron ore that are added to pig поп. 
Prevails in cast iron and it partly oxidizes 


2Fe + О, = 2FeO + 0 
жаай oxide mixes with the molten metal and oxid 
€, phosphorus, and carbon: 
Si + 2FeO = SiO, + 2Fe + Q, 
Mn + FeO = MnO + Fe + Q, 
2P + зрео = P,O; + SFe + Q 
C+ ко = СО + Fe - 0 


E FT + 
а озрвогиз (V) oxide combines with calcium oxide an 
an calcium into calcium sulphide. оу ап contains 
m oxidation reactions have complete loy et aca ^ 
) oxide which has to be separated. 


iron scrap are used 


izes silicon, 


d sulphur then 


со 
d, the liquid al 


ir 
onc Moreover, the 
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Fig. 7.5 Open-hearth furnace 


carbon, silicon and manganese in the 


level. This is attained by adding deox 
iron and manganesi 


steel must be adjusted to the requ! 


Поу 9 
idizers, е. р. ferromanganese (an alloy 


е, 
MUT se LAE ехатр® 
е), ferrosilicon, or aluminium. Manganese, for 

reacts with ferrous oxide 


Mn + FeO = MnO + Fe 


А ith the 
What are the right conditions for obtaining high grade steel wi 
minimum loss of heat i 


and with the highest 
The conversion 
completely substitu 


ible in 
as high a temperature as up m 
solid components and to incr 


" cess 
Шу by three methods: the basic oxygen pro 


heat 
t use of any external heat source, Ше (the 
tmic reaction), the open-hearth pro 
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may be blown from the bottom or through and across the molten metal. 
Lime is added by portions during the process. | | 

The temperature increases due to the heat of the exothermic reactions. 
Owing to the large surface area across which oxygen and liquid iron contact 
each other, and also because of the high temperatures, silicon, manganese, 
carbon, and other elements are rapidly oxidized out. 

he process continues for 30-40 minutes and then the barrel of the 

Converter is tilted and the steel and slag are discharged sip. 

Oxygen converters are highly efficient and yield high grade steel. Most o 

* steel in the Soviet Union is produced in converters. 


The open-hearth rocess. The main source of heat in an open-hearth furnace is 
goi or liquid fuel (black oil). The process is therefore flexible and can be used 
heaves Cast iron into various grades of steels. The furnace (Fig. 7.5) ва s 

~ with а low roof of refractory bricks. The front wall of the furnace has орн 
whines which the charge is mechanically loaded into the furnace. The opening ио 
Шы. the steel is discharged is located in the back wall. On both ш LESE 
Produet SE p» channel through which the fuel and air are fed and the 
€ discharged. У 
Preheated [^ to increase the temperature of the flame, gaseous fuel and air are 
n regenerators. И 
охури е COnsumption of fuel decreases and efficiency of the furnace ris mx 
УРП is used. It is added to the air or fed directly into the M саа 
of c е Process takes about 12 times as long as that in an oxygen солу: Uh = 
сопу У тисНоп of an open-hearth furnace is much greater than о 6, Oxygen 
мене, and the production capacity of ап open-hearth furnace 5 mu 


earth fi s with any che ed in an open- 
i i mi ition can be process: d ii ре! 
игра. materials wi y ical composition P 


Produceq be 


i stee! 
ce and various kinds of fuels can be used in it, the grade o! 
ing only slightly lower than that of the stee 


| obtained in converters. 


Fi к 
В. 
7.6 Arc fürs z 


11-895 7.9 Manufacture of Steel 


steel teeming ladle 


vA: бр 
intermidiate devic 


sten ап 

S containing high-melting metals such as tung : 

molybdenum can be roduced in these furnaces. 2 . Heat i 

i on (Fig. 7.6) are mainly used in шй. charge- 
generated by the arc formed between the electrodes an 


ich it is 
ү which it 
Teeming of the steel. Molten steel is poured into ladles from 
then teemed into mold: 


racte! 
S where the metal crystallizes. Ingots i. Processing 
from the molds, heated, and rolled in blooming or slabbing mil 5 a periodic 
liquid steel into billets includes many operations rie phie: uantitiés 0 
Process and involves much labour, Much fuel and significant q 
Steel are also lost. 


Continuous method of 


and is noW 
Preparing billets has been worked out an 
Widely used in 


dle into 
industry. Liquid Steel is teemed from ЈЕ не billet 
а water-cooled crystallizer (Fig. 7.7). A special drawing device р 

from the lower part of the 


> be 
Е t can 
crystallizer and when the metal is cool i 
Cut to the lengths required. T] 


ә r than 
he continuous pouring of steel is cheepe 
the iterative Process. The enti 
better. 


OXygen ci 


vices, 
Even so the Conversion 


all 
^ d А is over 
9f iron ore into Steel via these e NOH from 
not à continuous process. The ores are first converted into pig 
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Which steels are finally obtained. This interferes with the рб" af high- 
Brade steels because undesirable impurities may be added to steels 
step. | 
At the present time scientists and engineers are working one rx 
Method gf directly and continuously converting iron ore into steel. pel 
the proposed methods is first to crush the ore to powder, пш hug 
а binding agent, and roll it into small balls (pellets). The еа - > аи 
fired, and loaded into the top of vertical shaft furnace w а s 
consisting of carbon monoxide and hydrogen is fed in from the botto e 
ste ^ reduced in the pellets and the free iron is converted easily into 

eel: 


auc c HAMM MM 


1. What does the reaction rate during conversion of pig iron c 
steel depend on, and how can the reaction rate be changed? 


: ә 
2. What effect does oxygen have on the steel smelting process? 


a 


710 


Manufacture of Aluminium io din 
ized e 
Aluminium was discovered and obtained in the free sta 


; inium 

Chloride ; . (1825 via the reaction between potassium and ee of 
ah de Le. by the metallothermic process. Industrial manufac ent 
inium Started in 1854 and sodium was then used as the reducing agent. 


Process, howe i 
3 ver, was expensive (why?). 
he manufact н р eta 


the e ectrolys; ие Of aluminium began to increase rapidly after mene E 

Aluminjum ; S method, the first plant being started in Switzerland in 1888. 
um is obtained from aluminium oxide, which melts at a very high 

F, ure (2050°С). ^ solution of aluminium oxide in molten о 

Conducts Pelts „at relatively low temperatures and has high oe 

about 95015, This solution is therefore used for electrolysis. At eae ae 

Solubitit C small amounts of aluminium dissolve in the electrolyte, es 

loss of à aluminium increases rapidly with temperature, and sig 

Liquiq "minium becomes inevitable. . | 

Aluminium is liberated at the cathode during electrolysis 

А+ + Зе = AJ? 


On oxi sed in industrial 
lectrojy, ^ OXides are formed at carbon anodes that are used in indu 


n РА 

utile Silicon Feact with aluminium to form compounds that rire 
fro iF y and stability to corrosion. Hence only pure aluminium enel ns 
Е NES 65 Or silicon(IV) oxide should be used for cR ps 
аге the main ore of aluminium and extensive deponit, and in 
Norther Worked in the Soviet Union in the Urals, near Leningrad, Nam 
п Pheling ын hstan. Aluminium is also produced in this pps d Kola 
Penis? © alkaline aluminosilicate whose deposits are found in rried 
M the ко апа in the Kemerovo and Krasnoyarsk regions. The ores кет 
for the а Peninsula contain also apatite, which is a valuable raw ma 


the 
nufacture of Phosphorus fertilizers. Hence the wastes from 
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ich is 
i rate, whic 
apatite ores are used for the recovery of the nepheline Ur es um used 
then turned into aluminium oxide. The alkalis contained in 


о 
XC g ufacture 
to make potash and soda, and the silica is used for the man 

cement. 


el bath 
An industrial electrolyzer shown in Fig. 78 is a те sem rods 
lined on the inside with refractory bricks and carbon blocks. aluminium 
extend from outside the bath down to the lower blocks. Molten Eu 
collects on the bottom of the bath and acts as the cathode. On 


bon 
ч ich the саг 
molten aluminium lies a layer of molten electrolyte into which 

anode is lowered. Elec 


] rods 
tric current is applied to the anode through PE nded: 
The anode burns up gradually and must therefore be ode. Some 
carbonaceous mass is loaded into the aluminium case of the an (from top 
electrolyte solidifies because it is cooled by the surrounding air i 
and sides). The crust 


which 
that forms is broken up to make holes through 
gases formed during the electrolysis can escape. 


а: ide is loaded 
perates continuously but the aluminium € py the 
ches, which are placed on top of the crust for: 


minium: 
Ticity is required for the manufacture of ee: h 
consuming 15000 kw-hr per ton of alumin 
Capacity of an electro] 


Fig. 7.8 Industrial electrolyzer for 
smelting of aluminium 
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10 a vacuum pump 


2 


ү 
) 
И 
) 
) 
и 
à 
ij 
у 
й 


alumunium 
И 
00222222222 

== —À 
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F ig. 7.9 № 
hs acuu 1 
alumi i fr m indie or extraction of 


Я labour 
i Parate steps of the process becomes easier, and the efficiency NUN 
Increases. 


, iti f the 
а Controlling ап electrolysis is difficult because the oppi ints are 
aeons is always changing during the process, the Taw us 
"ded and aluminium is discharged periodically, ete- соме. Union is 
азо с, development of the aluminium industry in the rked out by 
p Clated With the realization of the electrification wor at Volkhov 
and you: The first Soviet aluminium plant was built in 
ax named after S. M. Kirov. | e d silica, and other 
nop, ium obtained by electrolysis contains 200, ined by repeated 
пе) 1618 and gaseous impurities. Purer aluminium 15 ен with copper, 
ting and electrolysis. Duralumins, the alloys ol alum ts, wires, and 
апрапеѕе, and magnesium, are widely used to make sheets, 


t е пагу alloys 
Ubes, Silumins, alloys of aluminium with silicon, are used as foundry 
€cause 


they are readily welded. 


olyte used in the 
^ 


> 


Е electr 
1. What are the requirements for the 
manufacture of aluminium? m, 1.92 ton 


inium 
i s of alumin: 
үй à га, 
2. In order to obtain 1 ton of aluminit" піп oxide? 


741 Development of Metallurgy in the 
Union 


In 1913 Russia was the fifth largest 
pr 4 steel in the world. Much has 
9duction of 


tober Re 
these metals after the Great Oc 


7.11 Development of Metall 


"m 1, and 
Soviet Union is now the largest producer of pig iron weg in lié 
nonferrous metals are produced in great quantities too. Li л o 
production of metals in the Soviet Union is unrivalled. The = deposits of 
the metallurgical industry in this country is backed by the ric . Vidt Union 
raw materials. Further development of metal production in the га of the 
depends on advances in science and technology. The Pin ment 
Communist Party of the Soviet Union provides for the further odernizé 
of the metallurgical industry in this country. Old plants will be m : 


ad^. : and Ш 
and new large Plants established in Siberia, Kursk region, 
Kazakhstan. 


s CHEM" 


ined 
ave gaine 
Using material of this chapter, and also knowledge уо аниса 
from other Subjects, prepare a report on the role o 
industry in the develo 


-being 0 
pment of the economy and anon an 
people. Indicate ways for further progress in metal 

effects that metallurgy has on the economy. 


eot inciolns 
General Scientific Princip 
of Chemical Manufacture 


ainted with 
We have studied inorganic chemistry d us ‘and agriculture, 
some of the most important fields of its application д. ment of economy. We 
vad ме know about the role of chemistry in the deve opm les underlying the 
have also “come acquainted with some general princip 
chemical man 


to 
: al. Let us try 
ufacture and the manufacture of goods in gener: 

Some Conclusions, 


84 Connections Between Science and 
к Technology 


; i and other 

We already know from chemistry, physics, AN the Soviet 

А Subjects, that the manufacture of еы Сысы development 
Union js increasing, This is supported by data concerning 

f chemical manufacture and metallurgy in recent years. и 

lis | haracterize the most important advances in the e Or ee and (c) 
of (a) raw materials, (b) intensification of py 

2. W о Sulphur(TV) oxide. 


" s have 
1 smelting processes , of 
i st furnace and stee n capacity 
n оба c anged the settee tbe coke, increased the Pe o d increased 
the [оп aces, accelérated Significantly the process of steel manu dena 
поје Steel smelting furnaces? y ? Why were these аду. 
intense At has stimulated other advances in memey 
ive] °rporated into industrial practice? tial change in the 
telas; these Occurrences can be explained by the substan many technolog- 
ine Ship between Science and technology. Not Jong ago, h. Now science 
eh ОУ етет Were the result of long empirical pepe on the 
basis : Ved a Stage at which material production can discovery of new 
Phenom, Scientific Advances, Theoretical advances, the ss in science and 
techno] ena an new regularities underlie modern dir epe сас upon 
Which 280. Theoretical chemistry and mathematics are ты | 
The ef lopments in the chemical manufacture | те kinetics is 
* theory of chemical equilibrium an ractical chemical 
"Чапцас m PIE of the importance of theory for p 
re, А 
Wever, | A i elopments in 
Ver, in order to convert theoretical advances = peering Dor aid 
5 Rot only necessary to know the structure о s TBI er tha 
о сол p, Chemica] a actions. It is necessary to know how ditions, how to 
Obta; © rea] i ional in industrial conditions, und 
ain рг more rationa way ossible cost a 
3 € desired properties at the lowest p 


ina 
With th 
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Id 
a ; uestions shou 
with the highest possible labour productivity. The сри given product 
be answered: from what materials and by what vieni i ien for ite maximum 
be reasonably obtained? What are the requisite condi wid of the produ | 
possible reaction rate and the maximum possible y tus must be used is 
Which flowsheet, what equipment and which appara Сезе. be effectiv 
obtain the highest possible effect? How can the pr 


M 00! 
ropriate р 
controlled? What measures should be taken to ensure mede cie hazardous 
working practices of the process and safe handling of nox 

substances? 


р hich in 
А ineering У 
All these problems are the subject matter of chemical ее velopment o 
turn includes some independent sciences. Owing to 


it has become 
1 

technology, the discovery of new laws and phenomena, 

Possible to 


а nthesis o! 

realize quickly the advances in the sciences. Е ing 
ammonia has become Possible after the discovery of a тай m (circulate 
Which the reaction is realized а{ unfavourable со of ammon! 
method). Gigantic towers, having the capacity of 1500 ton: he 
à day, are now constructed. Р бе characterize 
The connection of Science and technology in our days can 
by the followi 


ч ; ive force. 
ng formula: science turns into a productive 


8.2 


Some Principles of Chemical TechnologY 


іса 
А t chem 
When we discussed the manufacture of important 


‘пега! 
iner 
: В ia. nitric acid, ™ 
products such as sulphuric acid, ammonia, nitric 3 era 
fertilizers, pig iron, steel, 


n 

е me £e 
ТИШ? and aluminium, we got to know nclusions an 
Principles of chemical technology. Now we can draw certain co 

formulate them. 


utilization of raw materials is very im 
materials, 


l. Name raw materials used in metallurgical and chemical industries. 
2. hat are the criteria for the s 
have studied? 


we 
es 

е = B rocesst 
election of raw materials for chemical p 


1. Descri 
ibe the main reas 
reasons for the failure of the century-long laboratory research 


for the 
Synthesis of 
n this ammonia, which i 
родна o ‘connection, f ich is now solved b i 
У п, formulate the princi y a simple process. 
И desired йс in conditions when itis iple underlying е, equilibrium У 
Mens ч shift the equilibrium in 
and гу important è B 
"s [ew the “жүз wor if a given reaction is reversible or 
ths ~ data on the ci y ре on the conditions. It is also necessary 
rui а required for hd the process. Chemical kinetics gives us most of 
| be ellectively car c 2 of conditions under which а given reaction 
ны БЕ orten ried out and for correct design of the apparatus 
ria for the selection of the optimum concentration of the 


Teactants 

dui 

of ammo, ene (а) ругі ast 

monia. pyrite roasting, (b) absorption of sulphur(VI) oxide, (c) synthesis 


Com 
larg pare th 
е as · the proce: i i wi 
possible esses in which the co а 
- Which methods are i и v m 


Teactants? 
Te the criteri 
teria for determining the optimum temperatu! 
(d) formation of 


irreversible 


ade as 


een reactants is m: 
of the 


the surface area 


3. What à 
re for (a) pyrite 


TOastin 

nitric !& (b) oxidati 

acid fi ion of sulph Ө 

4. тот phur(IV) o : ч 

аде, hat are ево oxides ©) ооо ae 
ia, (b riteria for de ini M 

M À A >) Preparation of E toc optimum 

ation e princi if 
ammonj of SulphuNTV) ede catalytic reactions? Consider three reactions: the 
ide, the synthesis of ammonia, and the oxidation © 


Ta, 

t it has become already 
] manufacture are quite 
of raw materials and 
al products. We shal 


pressure for (a) synthesis of 


1 
іад, А compari 
мапі рагіѕоп о! 2 
"X ie of both. f continuous and batch processes and the advantages and 
Nufactures ^ Feasonal i 
ure? ble to use high capacity apparatus in metallurgy and chemical 


- Wha 
ta 
I are the a 
tod Order to in advantages of the countercurrent process flows? 

(9 ; 

Uct, chemical rease labour efficiency and to reduce the cost of a 
manufacture is mechanized. 

instruments 


Ode 
Whi rn chemi 
ict Bive irs manufacture cannot do without control 
арра Sd eden about the process temperature and pressure, the 
itio, aluses, the П es of the process materials, the levels of liquids in 
ow rates of materials through the apparatus, the compo- 
pro 


of the | 
O make ousting substances, the quality of the 
Ted to the e inspection and control easier, à is information 1° 
© contro] „сепа control board. Recording instrume 
oard alongside the controls which are used 
for example, valves 
us, instruments controll 
rols makes the overall тапа, 


On th 
Process сопло: 
ей тра р These controls аге, 
or м е ева into the apparat 
е process ке | location of the cont 
more а easier. | | 
control system 1$ that in 

tic cont 


üre Я 
танца: which the PF S 
ain z4 i ra- 
ed automatically. Automa present tempe! 


rols maintain 
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ture, pressure, 


rt 
A ly to sta 
Concentration, etc. The duty of the operator is only 
the process а 


А rocess 

nd to remedy faults if any. аа ar Me = 

increases labour efficiency while the process DONE T the products. 
This is very important for high yields and the quality 


А Н roducts are 
Many modern plants Producing sulphuric acid and nitrogen p 
fully automated in the Soviet Union 


7 


x jven 
г jals for a Е 

1. What are the criteria for selection Of raw materi: 18 
^ Chemical manufacture in a given region? ical equation, and ( 

2. What is the importance of (a) a chemica iure 51 

thermochemical equation for a chemical manu chemical proce (а) 

3. Which Conditions are optimum for a Pom temperature for f 

4. Give the criteria for selecting the optimum 


4 bsorption 0 
Pyrite roasting, (b) oxidation of sulphur(IV) oxide, (c) а 
sulphur(VT) oxide. 


imal? 
In what way can a catalyst be considered app apparati 
6. Explain the advantage of using large-capacity ch uous processes 
t is the difference between batch and contin the experienc 

Give examples of process units of both types, using 


d of 
of your laboratory exercises. flow | 
i поре 


urrent 
Give examples of processes where the counterc 
Processed mater, 


is pri! 
ials is used. Explain the advantages of ME ES 
9. What is the purpose of the packing in absorbing 
15 an absorbing tower? 
ow ca 


ized? Give 
2: ized? 
n the heat of chemical reactions be util 
examples. 


l. Laboratory Exercises 


E 1. Exchange геас о 
volu посве 1 РІ 


l of sodium sulphite solution in a test tube апа m m 
ic acid. Heat slightly. Carefully smell the gas t zt кот 
moist Strip of blue litmus paper over the e ГАЗЫ 
Observe the colour change, Explain. Write the complete and n 
: © reactions. 

23 Xercise 3. 05 


PS of ph f sodium hydroxide solution into a test tube and add 
Sulphur; " Phenol] i 
ul „uric acid in Iphthalein. о 


dro e, and (5) necessary reagents from 
for th 


your teacher and prepare (a) 
arium sulphate. Write 
© reactions. 


the complete and net ionic 


Pla 50 2. Testing salt solutions by indicators 
Solutio i aluminium chlori 5 ^ 
опде 
Voly e ato another, , de solution 


into one test tube, sodium carbonate 
> апа sodium chloride soluti 
а dro вас Solution ; 
Colo, P of 


i 51 ution into the third test tube. (The 
о сасћ ae ml.) Rinse а glass rod 
Ur Cha _ Solut о g 


цы O Pieces of blue and red litmus paper. Explain the 

"any. Write the complete and net ionic equations for the reactions. 

са, lace 2-3m s Reaction of ammonium salt with alkali 

Sire lume ofi n mmonium Sulphate solution into a test tube and add an 

1 e e Clun hydroxide Solution. Heat the mixture to boiling and 
c à moist piece of red litmus paper over the 

€ change in the colour of the paper. Write 


M 1 Phos 


о · PI ogen phosphates 

T о с, "I5 ml of lime water in a beaker and add, drop by drop, 
y Sloug tomes cloudy ЧОП (diluted 1 :20) stirri i i 

formeg. ss Soon 4. 


ance with р 


roperties of or 
5, and hydr: 


thophosphoric acid, 


i on of insoluble calcium phosphate. 
Зарреагз because water-s 


oluble calcium dihydrogen phosphate 
pr тозе 2. (РО), + 12Н* papos- _ 3Ca?* + 6Н,РО5 
i Moth calciu Е и 
браз ег, а i Phosphate in One test tube, calcium hydrogen phos 
"к ы salem iby Говеп phosphate into the third test tube. Place 


ilizers. 
fertilize! 
Р hosphorus rates 
~ А trogen and p and ni 
5. Acquaintance with ni ‹ оа -— 
Identification tests for ры from the tea б 
Exercise 1. Examine the samples of mineral fertilizers o 
Xi . 


ost 0 
А es of mi 

ine structur: 

Pay special attention to their different colours and the crystall 
them. 


1 of 

dd 5m! / s 

i i tubes, a ? Writ 

Place 1/4 teaspoonful of each fertilizer into мн а soluble? 
distilled. Water into each test tube and Stir. Are he enaka 
the results of your observations in a table like t is : 


" Solubility in | 
Fertilizer | Chemical formula Appearance water at norm 


temperature 
iu 
A of ammoni 
Exercise 2. Carry out reactions to prove the composition 
Place 1/4 teaspoonful of amm 
of copper Shavings. Add ( 
Observe the Teacti 


i nitrate 
e amour 
acid mod 
ac 
с the rea 
in the ammonium nitrate indicate that t it as 
Н 5 
ions. M test tube and t€ 
lace 2-3 ml o ammonium nitrate solution into another 
described in Subsection 3, page 163. 
6. Acquaintance 
bicarbonates, 


and 
ate, 

ium carbon the 
small amounts of sodium carbonate, magnesium 

sodium bicarbonate i 


dium 
: ace SOC. 
the apparatus as shown in Fig. pU tube NO 
icarbonate in a test tube to fill up about one tenth of its volume a stand so tha as 
Tough it, and fix in the clamp of a ri 
pper end is slightly bel 


imt 
in the lime 
serve the changes in the oa aud рш, 
water. As soon as the lime water becomes cloudy, lift the apparatu: 
aside; turn off the burner. Which subst hi 
Icarbonate? Which reacti 


dium 
P ining of 509 
‘ances have formed during calcining ћ 
ion occurred 


Complete and net 
dd about 1 ml of dilute hyd i i 
reaction. Write down 


Е the Complete anq net 
Exercise 4. Place 1 mI of sodi 
а few drops Of silver ni 


ad 
n 
um carbonate solution into a test tube complet 
trate solution. Observe the reaction. Write down t| 
and net ionic equat 3 

Add 0.5 ml of dilute nitric acid to the 
evolved? Write down 


4 s is 
Precipitate and observe. the reactions: 
ionic equations for Фе. nani 
о! test tubes containing so ite write 
a chloride, a carbonate, and а sulphate, Identify experimentally the аро, for the 
the net ionic equation for your reaction. Which reagent can be used to tes 
carbonate ion? 


tl 
Exercise 5. Obtain fr 
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Fig. I 

ПА 

sodi \рраг: iti 
Odium ioe decomposition of 


7. i ы 
Testing carbonate and silicate solutions using 
indicators 


Exerci; 
rcise 1, 
Place 1 ml of sodium .carbonate and t 


silicat, ' 
he same amount of sodium 


е into two di 
hat of each be test tubes. Rinse a glass rod with distilled water and transfer 
from tionclusion бш n onto pieces of red litmus paper. Observe the colour changes. 
his experime Seung the strength of carbonic and silicic acids can be derived 
nt? Write down the equations for the hydrolysis of the salts. 
8. Reaction of metals ‘with salt solutions 
tube and 2 ml 


Exerci, 
с se 1, 
tube РЕП) kee about 2 ml of zinc chloride solution into one test tub 
tube 219 a grain of е solution into another. Drop а grain of copper into the first test 
Ехо You motis 5 into the second test tube: observe the reaction. In which test 
Phate све 2. pl any changes that might indicate a reaction? : 
Cops, Solution i ace a solution of copper sulphate into one test tube and ferric sul- 
into another. Add some iron shavings into the first and a grain о 
in the previous ех 


T into th 
€ second у 
react ОЁ the s ond. Make the same Observations as in 
Mini zine? with which zinc and iron react. Will а solution of ferric sulphate 
lus EXAmine th 9: Alloys | 
the colour of specimens of alloys obtained from the teacher. Pay attention tote 
© metals f, the surface of alloys, and to their hardness, which is greater than 
rom which they are formed. 
10. Colouring flames by sodium and potassium salts. 
ce with. 4 nt salts of sodium and ans 
nd the 


sane Хегсве Acquaintance with importa ed 
над € Place 10ml of sodium chloride solution into а е tube 
sog Hold an fros Potassium chloride m chier into another test бе wire in 
Namen chloride Wire in the flame of a burner until it is red hot. DIP 
Ri, е solution and put it back into the flame: 
chlo Se the wire ; БЕТ 
опа Mc wire in hydrochloric acid and calcine it 22411. Dip oof the flame по ? 
mi Exercise 305 and put it back into the flame. What i а coloni Н ДаГЫ 
Ti <. Examine i re salts of 5067 
dera or pa their colours» crysta 


als 
CO "AE: 
r n 
conclusio an8 these salts. Compare 
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i f calcium 
11. Natural calcium compounds. conversion dk Ека. 
carbonate into calcium bicarbonate а 


ion to 

i Pay attentio 

i i lcium compounds. 
ise 1. Examine specimens of natural ca \ ео 

ie cee. crystal or amorphous шшр, кирату: һи. Place about 

З ise 2. Assemble the apparatus for preparing carboi h it until 
10 ea de water into a test tube and pass carbon RU pec Continue 

solution becomes cloudy. What substance has formed in the 


i occur 
8 В t reactions 
passing carbon dioxide through the solution until it turns clear. Wha 


i wn 
i ime? Write 90% 
when carbon dioxide is passed through lime water for a long time 

reaction equations. 


test 
Я А e se arate 
Exercise 3. Place some calcium bicarbonate solution into ne non third sess 
tubes. Add lime water to one, sodium carbonate to the other, m Set on equation 
tube to boiling. Observe the reaction and explain. Write out the 
for the reactions. 


12. Acquaintance with aluminium and its alloys 
Examine specimens of alu; 


f 
Е arance 0 
minium and its alloys, paying attention to appe 

the metals and their ductilit 


у. 


Е ing its 
13. Obtaining aluminium hydroxide and studying 
properties 


d 
30. tubes an 
Exercise 1. Place 2-3 ml of an aluminium salt solution into кө ДЗ ОЛ. Write 
add equal volumes of an aqueous solution of ammonia. Observe the "eh 
down the net ionic equations. tube contain! 
Exercise 2. Gradually add hydrochloric acid to one test and explain № 
precipitated aluminium hydroxide and shake. Observe the reaction UE 
Write the net ionic equation for the reaction. : the precipit? 
Exercise 3. Add sodium hydroxide solution, by small portions, nie reaction ай 
of aluminium hydroxide in the other test tube and shake. Observe t 
explain it. Write the net ionic equation of the г 


eaction. 
14. Pig iron and steel 


r of 
; ‘ 1 e colour, ч 
Examine specimens of pig iron and steel, paying special attention оп properties 
their surfaces, the Presence or absence of lustre, and to their magn 
15. Reaction of iron hydroxides with acids 
Exercise 1. Obtai 


are 
in the necessary reagents from your teacher and prep 


ferrous 
| D А T 3 
and fetric hydroxides, Write the net ionic equations for the reactions. i the n 


, Exercise 2. Try the action of acids on the Prepared iron hydroxides. 
tonic equations for the reactions, 


iron 
А ed iro 
16. Qualitative tests for doubly and triply charg id 
ions іосуапіс ас 
Exercise 1. Add potassium thiocyanate (KCNS) solution. a salt of ois L tie 
(HCNS), to a solution of fertic hydroxide. Observe the colour change. t viz, fe 
тис equation of the reaction remembering that one reaction product, mem 
thiocyanate Fe(CNS), , only Sparingly dissociates into ions. a solution og 
Exercise 2. Add a solution of Potassium ferricyanide K,Fe(CN), to reme bu 
ferrous chloride, Observe the Teaction and write the net ionic equation ipit? 
that one of the reaction Products, viz. 


recip 
Turnbull's blue Fe;[Fe(CN), Ја, Р 


ll. Practical Experiments 


Ex 
Perimen 
t 1 x 
Solving Problems About the Dissociation 


P, 
ae 1. Carry s ер вино 
KOH and KOH the reactions be 
H and ‚ NaOH etween solutions of 
Write the НО; (3) Ка and H,SO,; (2) Na,SO, and (D Мар e TA 
oblen ос equation „СО; and H,SO,, CuSO, and KOH, ^ DH and 1 a 
4CO, "ct, d ml ne lor the iq explain them. — ex A 
i ‘ie he 2150. Na CR S. solutions into test ‘tubes: (1) Pb(NO3): 
litmus paper. ex y О: (3) AICI, K,CO5, №а;50,. Test cach 
em і a reactions. n the results of your tests and write the ionic 
10е soluti i 
Write lution and СЫМО between (a) hydrochloric acid and zinc, 
5 icate ADS equations fi water, (c) sodium sulphide solution and bro 
Oblem 4 Пер reagents 595 the reactions (both complete and net & ti 
Magnesiy repare the followi oxidized and which reduced in par ip en 
Ctions a carbonate о es (a) barium sulphate, (b) ferric hydroxide, and 
explain them. rite the complete and net ionic equations for the 


(b) potassium 
mine water. 


Tea, 


Ex 
beri 
ment 2 
P i Е 
te peace Ammonia and Experiments with 
roperties of Aqueous Solution © 

onium chloride and 
r or into a sma 
them into а dry 
and fix in the 
dry test 


1 

"T 

caj semble 

ч the a 
Porcelain уйге xi pparatus as shown in Fig. 1.1. Place some amm 
а crei ә to heet 
rucible). Mix the salts with а Pd Tod aet Раг 
lass tube is passed 


Stang. е. Close ; 
tube T se it wi 
pbe s test tube НА 510ррег through which а gl 
st 'St hea the gas outl uld be inclined to its stoppered end. Adjust another 
ans 1 t the entire кы tube to collect ammonia. 
ph Сајсіцей! the part iue with a burner (2-3 passages in the flame) and then 
Düenolppira hydroxide. T. е test tube containing the mixture of ammonium chloride 
chi turned alein pa . To detect the presence 0 ammonia, bring a piece of moist 
унс aci test iE close to the mouth of the overturned test iube. When the 
Tit Cid and hol is full of ammonia, dip a glass ГО into concentrated hydro- 
id it over the mouth of the test tube. Observe the reaction an 
tube containing ammonia 
есе of wet cotton 


D; 

15 S И 

Поле heating th 

Woo; © gas ERR the mixture. Carefully remove the test 1 
and stopper the outlet “mamediately with 2 piece 
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Table ПА 
Identification of Mineral Fertilizers 
Reactions with 
Р ic acid barium chloride soluti. kali (wh ilver nitrat Flame test 
Баве Аррана риш ee Se ЕЦ а mus 
з 
8 1. Ammonium White crystals, Good Brown gas - Smell of - Yellow (due to 
& nitrate sometimes a evolves ammonia impurities) 
a yellowish mass or 
= granules 
E 2. Sodium Large colourless Good Brown gas Slight turbidity, Мо smell of Meagre pre- Yellow 
3 nitrate crystals evolves (due to impurities) ammonia cipitate (due 
1 to impurities) 
® 3. Ammonium Small light-gray Good Brown gas White substance Ammonia Slight turbi- - 
q Sulphate crystals does not insoluble in acetic evolves dity 
evolve acid precipitates 
4. Super- Light-gray Partial Brown gas White substance, No smell of Yellow Yellow (due to 
hosphat Ee Yellow | 
phosphate powder or does not partly soluble ammonia substance impurities) 
granules evolve in acetic acid, precipitates 
precipitates | 
5. Sylvinite Pink crystals Good Brown раз – No smell of ^ White substance Yellow. When 
does not ammonia precipitates flame is viewed 
evolve through a blue 
filter, dene 
6. Potassi і is violet 
BEI ium ee Good Brown gas - No smell of White Yellow. When 
does not ammonia substance viewed through 
evolve Precipitates а blue filter, 
E flame is violet 
[3 \ 
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Experiment 3 Identifying Mineral Fertilizers 


stigers. 
| f fertilize 
1. Draw Table ПЛ given on page 169 | and fill in the names О M 
2. Obtain a set of numbered fertilizer specimens. — in Table IL.1 and fill in 
3. Carry out experiments on each specimen as described in Ta 
results. 


m В ilizers. 
4. Compare your results with the tabulated data to identify the fertili 


а гоор’ 
Experiment 4 Solving Problems оп *Nitrogen Subg 


sec acid, 
= as 1 2) nitric 
Problem 1. Carry out reactions characteristic of (1) ammonia, (2) 
(3) ammonium nitrate. 


hate 
4 ; ium sulp! 
Problem 2. Prove experimentally that ammonium nitrate and ат Write down the 
Я те before adding them to soil. Explain why? 

reaction equations. 


lphate contains the NH} апа SOj ions. 
Problem 4. The following fertili: i 


ammonium sul onium nitrate. i іопіс 
Problem 6. Carry out the Teactions that are expressed by the wu * 
equations: (1) H+ 4 OH- — H20; (2) Ba?* + SO2- = Вазо, |: 

+ СГ = AgCl}. 

Problem 7. Obtain Copper nitrate via three reactions. 


dying 1 
Experiment 5 Preparing Carbon Dioxide and Study 


tes 
roperties. Identification of Carbona 
1. Place а few pieces о 


and 4 
f marble or chalk in a test tube or a small up Jer 
enough dilute hydroch loric acid to cover the marble. Close the t gh (a) ane 
a Stopper through „е gas tube is passed. Pass the evolving gas throu t 
, lime 
reactions. Write lown 4 bia 


| i bserve 
h ter, (c) calcium chloride solution. O 

the reaction equations. ua 
Carbonate solution into a test tube and add an ed 
ride solution. Observe 


: ion eq 
the reaction and write the reaction 
net equations), 
3. Place 1 ml of sodium B } 


of 
| few drops ss. 
; з carbonate solution in a test tube and add ionic equatio 
silver nitrate. Observe the reaction. Write out the complete and net 1010 по ош the 
Add 0.5 ml of dilute nitric aciq to th i 
complete and net ionic i 


| volume 
uations 
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i and 
Experiment 6 Solving Problems on 'Alkali Metals 
Calcium’ 


i ther calcium 
l; Three test tubes are given. One contains кёйш „carbonate; и о T О 
chloride, and the third calcium hydroxide solution. Identify 3 
е g i i chloride an 
А её test tubes contain crystals of sodium chloride, potassium 

calcium chloride. Identify the salts experimentally. У 

* ~arry Out reactions to realize the following conversions: 
Сас, ~ CaCO, ~ Ca(HCO,), + CaCO, + Ca(NOj) 
Write the complete and net ionic equations for the reactions. 
* Carry out Teactions to realize the following conversions: 


NaOH ~ Na,SO, ~ NaCl + NaNO, 


Write the complete and net ionic equations for й aee ре jio acid arë given 
Opty tions of potassium carbonate, calcium hydroxide, a ds the complé 
n : 


i i te. W 
and n Precipitates of calcium carbonate and calcium sulpha: 


6 Ata ‘onic equations for the reactions. lize the following 
: S| 


ions to rea 
со st tube contains lime water. Carry out reactions 
nversions: 


Са(он), > Caco, > Ca(HCO,), + CaCO, > CaCl, a 
"ts Out the complete and net ionic equations for the reactions. 


i nds 

Experiment 7 Aluminium and Its Compou NN 
and а o 

hyg, се some grains or shavings of aluminium into two Myr test tube. If n 
ea Ochlorie àcid to one and 3-4 ml of sulphuric i mc ОК m 
Teaction, {СС079, heat the test tube slightly (carefully!) vations for t Е 
and оп. Which Bas is evolved? Write down the net ip e duced in these 
2 Pjadicate Which substances are oxidized and which a d a solution © 


Н is 
ч | d ad Which gas 
Potassi 3 grains of aluminium into a test tube n tly the test tube. 
libe, m) hydroxide. If no reaction occurs, heat slightly i ing litmus. Draw 
3 Ted? Write down the reaction equation. с. chloride) using Write down 
Your а solution of aluminium sulphate (or aluminium vide as а Базе. 
the «Conclusion about the strength of aluminium pun 
"ation for the hydrolysis of the aluminium 
171 
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Experiment 8 Iron and Its Compounds 


TS А : ide. Observe 

1. Try the action of hydrochloric, sulphuric, or nitric acids on ferric oxide. : 

reactions and write out their net ionic equations. — lour am. 
HE mem à small quantity of ferrous hydroxide precipitate. Note the co 


: а 5 ite its net ionic 
Observe its change when exposed to air. Explain the reaction and write its 
equation. 


e 
Е А d the sam! 
3. Pour about 2 ml of ferrous chloride solution into a test tube and айы and write 
amount of chlorine water. Observe the colour change. Explain the rea Н 


his 
А : eec ish i ced in t 
the net ionic equation. Which substance is oxidized and which is redu 

reaction? 


А ; raw your 
4. Test a solution of ferrous chloride or ferrous sulphate using a Өш for the 
conclusion on the strength of ferrous hydroxide as a base. Write the equi 
hydrolysis of ferrous sulphate. 


Experiment 9 Sol 


Problem 1. Chloride: t 
Separate test tubes, [denti te tes 
Problem 2. Chlorides of iron(II), calcium, and barium are given in three separa 
tubes. Identify the salts. 3 loride, 
Problem 3. Solutions of aluminium chloride, ferric chloride, barium ch rimentally- 
ferrous sulphate are given in four separate test tubes. Identify the salts Sel sabe ferric 
arabien 4. Prove experimentally that а sample of green vitriol conta 

sulphate, 


Problem 7. Pr 


pare m hoteric proper 
i e alumini i its amphoteric 
experimentally, nium hydroxide and prove its p 


its 
for ! 
roblem 8. А given sampl с hich account di 
Ple of water contains substances whic! wa 
PDAS end lemporary hardness, arry ont experiments to soften the 
Ma + Prepare ferric oxide from ferric chloride. 
roblem 11 е sodium aluminate solution from aluminium 

Д errou: i 
Problém 12. Chemically dui Chloride from iron. 


NAN SEO. dut © ЗОО coven 


Problem 


Answers to Problems Marked 
with an Asterisk 


answer 


Read the definition of acids and bases. d 
Sodium ions prevail, while the hydrogen and hydroxide ions 
are contained in smaller amounts. M 2 

It is an electrolyte with coloured cations and anions. 
Sodium sulphate and potassium nitrate. 

Into the ammonium ion. 

Ammonium hydrogen sulphate. 

Ammonium nitrate. there: 
Excess alkali is first present and a neutral phorphe $ hate 
fore obtained, which then turns into an acid р оври e 
n mixture of 1 mole of dihydrogen phosphate and 1 mo 
ydrogen phosphate. с ixi 
Carbon d де, carbon monoxide, carbon inn 
Weigh, treat with hydrochloric acid, rinse, dry, ап 

again. ^ й PES 
Burn, dissolve the oxide in alkali solution, and precipitate 
with an acid. . er А id, rinse the 
Dissolve in alkali solution, precipitate with an acid, rinse 
precipitate, dry, and calcine. 

Calcium carbonate. 
Calcium, oxygen, carbon. © 7 
First goes down, and then lights up again. 

Steel. i ich iron 
The first nail had been heated above ре s мд m) 
modifications convert into one another. the third nail had 

slowly; tbe second nail had been hardened; i 

been annealed after hardening. 
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Mendeleev's Periodic 


T 

Be n B 5 C Nitrogen 
RS arr Boron = ages 1007 

n Na 12 | 


M. 
10. T 

18 MISSE. E 
nas М9 "unu Silicon Phospron7A 


26.982 
21 


30. 
28.086 
1 Д 23 
Б ыш Са|8с ат ү ом 
Potassium — | Calcium Scandium Titanium еп 50.942 
39.102 40.08 44.956 47.90 Ss A S 
Cu э n 33 Ga|3 Ое Arsenic 
Copper Zinc Gallium Germanium п 74.922 
63.546 65.37 69.72 7259 b 
Was, FD|38  Sr|Y 392 40 Nb a 
Rubidium Strontium Yttrium Zirconium 92. 
8547 87.62 88.905 91. 1 
47 50 
Ag H Tin 


9: 
41 
ч 906 
.22 
Sn Sb 


timony 
An 121 


55 С5[56 


Cesium B 


132.905 137.35 138.91 
Au 79 80 [81 
Gold Mercury 
196.967 200.59 
87 Frias 
Francium Radium Ra A 
1223] [22 
Higher 
oxides 
Hydrogen TA 
volatile 
compounds 


Рбјаз Ві 
Biemuth во 


р зр 
nium | Uranium 


vicium. 
Neptunium | Plutonium  |Americium,. 
231) | 238.03 | "tm. (242)| {2431 


Table of the Elements 


17 
Chlorine С 
35.453 


Cobalt 
58.933 


Ru 44 Rh 45 


lium 
Technetium | Ruthenium Rhodium Palladiu 
[99] 10107 102.905 


Tui, © 
127.60 


Pt 78 


tinum 
iin 195.09 


158.924 


k 97 
Berkelium | Californium 
247] [249] 
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Solubility 


pepe mT 


OH- 


S — Soluble 
(more th: i 
an 1 g in 100 g of Water) P — poorly soluble af wait? 
(from 0.001 g to 1 g in 100 8 


== — decomposed by water or do not exist 


Е luble 
5 th; 
ап 0.001 g in 100 в of water) 


| te inso 


low density 
strength in alloys 
corrosion resistance 


high electric 
conductivity 


high heat conductivity 


harmless compounds 


84t 
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synthesis column 


cooler 


I. PRODUCTION 
=> water 


OF AMMONIA 


circulating 
compressor 


turbo-compressor 


separator 


nitrogen + hydrogen пе 
mixture circulating gas 


hw 


Hi 
i! 


mmu 


ses ny « [omm 


III. BLAST FURNACE 


11. Blast Furnace 


platform for loading 
scrap and. pig iron 


"mii 


IV. CONVERTER 


lv. Converter 


converter barrel 


tilting drive 


MSAN 


p LM TSN 
) ИН 
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Elementary Order (Mendeleev and his Periodic 
System) 


I. PETRYANOV, Mem. USSR Acad. Sc. 
and 


D. TRIFONOY, D. Sc. (Chem.) 


The periodic system of chemical elements has been 
compared to the multiplication table in view of the 
essential part it plays in modern chemistry and not 
only chemistry but many other sciences. But while 
the multiplication table must be simply learned by 
heart, the periodic system of elements should be 
first of all understood. One must analyze its structure 
and understand its regularities and then one can 
use И as a veritable encyclopaedia of chemical 
knowledge, 
The book has been written specially for teenagers 
Y a well known historian of chemistry and a 
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CHEMISTRY 
Definitions 
Notions 
Terminology 


A.I. BUSEV and I.P. EFIMOV 


An excellent up-to-date guide to the tenminolopy 
of chemistry and the allied sciences written qe 
simplest language consistent with accuracy 

fullness. | А 
The book contains the most important informe, 
tion pertaining to inorganic, organic and ау 
chemistry. The reader will also find reliable de t 
tions and clear explanations of the basic terms epe 
in radiochemistry, polymer science, chemistry O 


n M 1- 
Scattered elements, biochemistry, and geochem 
stry. 


A compact, authori 
able fo; 
chemis 


tative reference book noe 
T Secondary school pupils intereste 
try and related disciplines. 


